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SCRUB 
THESE TROUBLES jj 


FROM YOUR GAS 
with 


CARBIDE’S 


monoethanolamine 
diethanolamine 
diethylene glycol 
triethylene glycol 


DESULFURIZE . and climinate a serious trouble-maker. Monvethanolamine 
and diethanolamine efficiently scrub corrosive hydrogen sulfide out of 
natural gas and refinery gas. The hydrogen sulfide removed is a source of 


saleable sulfur. 


DEHYORATE with the glycols and prevent formation of pipe-clogging hydrates 
in high pressure transmission lines. This helps you maintain transmissio: 


line capacity and avoid valve and regulator clogging. 


You can order Carsiper’s ethanolamines and glycols in tank cars and 
drum carloads. Delivery of less than carload lots, in drums, can be made 
from Careipe warehouses in Dallas, Houston, Tulsa, Denver, Los Angeled 


San Franciseo, and 46 other cities throughout the country. 


For gas-scrubbing chemicals that do the job, get in touch with the 


nearest Carsipe ofhece. 
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C.E.P. begins this month the publi- 
cation of the papers presented at 
the chlorine-alkali symposium held 
at the Houston meeting. Three 
papers are printed this month and 
there will be two more in the Oc- 
tober number. Though the chlorine- 
alkali industry is an old one it is 
always coming up with possibili- 
ties for new applications. 


Thomas K. Sherwood in this month’s 
Opinion makes a few observa- 
tions on the opportunities for cre- 
ative accomplishment presented to 
chemical engineers and on their 
responsibilities for producing the 
new ideas that result in worth- 
while causes. 


While C.E.P. has no regular Let- 
ters to the Editor department we 
are always willing and anxious to 
present discussion that is pertinent 
to our profession. We have not 
formalized such a page simply be- 
cause the volume of letters on 
worthy subjects has not been great 
enough to make it a monthly 
feature. 


The eighth annual report of the 
A.E.C. is off the press and is avail- 
able from the Government Printing 
Office at a cost of $.55. The major 
portion of the report deals with 
the control of radiation hazards 
in the Atomic Energy Program. 
Odd facts tumble out of its pages; 
one, also noted in this month's 
item of the beginning of the 
Brookhaven pile, is that residents 
of the Rocky Mountains get more 
radiation from cosmic rays than 
the average worker in an A.E.C. 
installation. Another fact, com- 
pletely new to us, is that three 
atomic bombs were exploded by 
the A.E.C. at its Eniwetok tests, all 
tower explosions as at Alamogordo. 


The 43rd annual meeting of 
A.L.Ch.E. will take place in De- 
cember in Columbus, Ohio. Watch 
next month's issue for the pre- 
liminary program and arrange- 
ments. There will also be a post- 
meeting account of the Minne- 


Are you looking for a supervising 
chemical engineer? A Ph.D. is 
available. Or do you want an in- 
dustrial research group leader? 
Look up our Classified Section this 
month. 
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CREATIVE 
DEWATERER 
ENGINEERING 


For high speed dewatering 
of slurry pulp... AUTOMATICALLY! The 
CONKEY ROTARY HOPPER VACUUM DEWATERER 


OPERATORS everywhere report highly successful 
results with the Conkey Rotary Hopper Vacuum 
Dewaterer for a wide range of materials. Some 
of these include aluminum tri-hydrate, barium 
nitrate, ground pitch, silica sand, coal, grain, 
TNT, Imenite, paper stock, gun cotton, abra- 
sives and magnetite. 


DESIGNED to take full advantage of the quick- 
filtering characteristics of slurries as well as the 
segregation tendencies of coarser, heavier solids, 
the Conkey Rotary Hopper Vacuum Dewaterer 


Other General (merican Equipment: 


Turbo-Mixers, Filters, Thickeners, 
Evaporators, Dryers, Towers, 


Tanks, Bins, Pressure Vessels 


OFFICES UN ALL PRINCIPAL CITIES 
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features relatively high drum speeds. This ex- 
plains the very large capacities achieved—as in 
a typical installation where each Conkey De- 
waterer is dewatering more than 2,000 tons of 
solids per day to approximately 6% moisture. 
SAVES LABOR. No adjustments of feed consist- 
ency are necessary, and with continuous auto- 
matic operation, practically no supervision is 
required. For complete technical information, 
write for Bulletin No. 101, 


Process Equipment Division 
GENERAL AMERICAN 


Transportation Corporation 
Sales Office: 10 East 49th St... New York 17, N.Y. 
General Offices: 1358. LaSalle St.,Chicago%, Ill. 
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A 
New Process 
For Separating 


= The Fatty Oil Fractional Crystallization 

Process utilizing solvents as a means of 
<2) separating fatty acids offers the industry 
an opportunity to make a wide variety of 
products of high purity and excellent yield at 
low operating cost. 

A new Fatty Acid Fractional Crystallization 
unit, engineered and constructed by Badger, is 
now in successful operation at Armour’s 
McCook, Illinois plant. This unit permits 
separations with solvent over a wide range of 
operating temperatures. As a result, a variety 
of charge stocks can be processed and products 
of widely divergent characteristics manufac- 
tured. 

This is a part of Armour’s integrated plant 
for processing of animal and vegetable fats, 


Fatty Acids 
by Fractiona 
Crystallizati 


designed on the basis of developments and 
extensive experience of Armour and Texaco, and 
engineered and constructed by Badger with the 
exception of three specialized units furnished 
by others. Among the Badger-built units, as 
well as the crystallization unit, are installations 
for fat splitting, hydrogenation, refining and 
bleaching, product finishing and a boiler house, 
waste recovery system, tankage, warehousing 
and shipping, and all auxiliary facilities. 

The Fatty Oil Fractional Crystallization 
unit is operated under license from the Texaco 
Development Corporation. Into this unit Badger 
has built the “‘know-how”’ of both Texaco and 
Armour. This is another example of Badger’s 
unique ability to convert basic design of a new 
development into a successful commercial plant. 


BADGER 


BOSTON 14. 


PARIS 


NEW YORK 


* Est. 1841 
Process tngineers ond Uonstructc Petro-Chemical Industries 
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Why shop around for piping equipment? 
CRANE has everything you need 


MODERATELY PRICED SMALL STEEL VALVES 


Fact is, these rugged 600-Pound Union Bonnet Gates are an 
economical buy in more ways than one. First of all, they're 
moderate in initial cost. And because they are Crane Quality in 
design, construction and materials . . . routine maintenance costs 
are negligible. 

Crane stuffing box design provides liberal packing space to 
assure a tight stem s§al; male and female bonnet joint is equipped 
with a soft iron gasket for maximum tightness; body seat rings, 
securely rolled-in, will not leak or loosen in service. 

These valves are smooth operators. Guided disc does not get 
out of line or jam in body. Crane disc-stem connection prevents 
lateral strain on stem. Accurately cut, easily lubricated stem 
threads provide positive control with minimum friction. See 
your No. 49 Crane Catalog. 

CRANE CO., 836 S. Michigan Ave., Chicago $5, LL. 


Branches and Wholesalers Serving All Industrial Areas be. 36821, 608-Pound Small 
Stee! Gate for liquids or 


gases (not steam) upto 750° 
THIS PROCESS PIPING INSTALLATION, FOR EXAMPiE, = *-Crane 18-8 Mo Alloy seat- 


ing. Sizes: VY to 2-inch. 


N BE 100% CRANE-EQUIPPED...ON ONE PURCHASE ORDER = S«rewed oF welding ends. 


FABRICATED 
PIPING 


WELDING 
FITTINGS 


BOLTS A 


FLANGED 
Ae FITTINGS REGULATOR 


VALVES 


STRAINERS 


GLOBE 
VALVES 


EVERYTHING FOR EVERY PIPING SYSTEM 


CRANE 


VALVES « FITTINGS + PIPE « PLUMBING AND HEATING 
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ALUMINA 

MAKES 

FIRE PROTECTION 
POSITIVE 


It is mighty important to know that 
your automatic sprinkler and alarm 
equipment is going to work when 
you need it—in case of fire! That is 
why “Automatic” Sprinkler Cor- 
poration of America builds protec- 
tion-plus into the devices and sys- 
tems which they expressly design 
for the purpose of safeguarding lives 
and property. 

One of the “protectors” is a can- 
ister of ALCOA Activated Alumina 
that stands guard over the air in the 
“supervisory” air line. Dry air is 
essential to keeping valves free 
especially in freezing temperatures. 
Any new air admitted to this line is 
robbed of its moisture as it passes 
through the alumina. 

Since only small amounts of air 
are added to the system, the ALCOA 


Activated Alumina requires no reacti- 
vation or attention, 

This manufacturer chose ALCOA 
Activated Alumina, because he 
wanted a thoroughly reliable, non- 
corrosive drying agent—a drving 
agent that would not change its 
form or properties—swell, soften or 
disintegrate. 

It is properties such as these, plus 
uniform high purity and inertness, 
that give ALCOA Activated Alumina 
its wide acceptance as an outstand- 
ing drying agent. (And as a catalyst 
support, too.) 

If you have a drying problem, 
let us give you all the facts about 
ALCOA Activated Alumina. Write 
to: ALUMINUM COMPANY OP AMERICA, 
Cuemicats Diviston, 605) Gulf 
Building, Pittsburgh 19, Pa. 


ALUMINAS and FLUORIDES 


ACTIVATED ALUMINAS + CALCINED ALUMINAS + HYDRATED 


ALUMINAS 


TABULAR ALUMINAS 
ALUMINUM FLUORIDE 


LOW SODA ALUMINAS 
SODIUM FLUORIDE . SODIUM 


ACID FLUORIDE + FLUOBORIC ACID * CRYOLITE - GALLIUM 


Ay 
a 
id 
{ 
= G 
cy 
7 
- 
— 
Vol. 46, No. 9 CHEMICAL ENGINEERING PROGRESS Page 7 
1 


IRE New Better, 
and More: Efficient 


@ Brown Fintwhe THERMO-FLO Tank Heaters 
are service proved — and offer many advantages as 
compared to the old method of using a bare pipe 
coil on the bottom of the tank 


EASY INSTALLATION— I HERMO.-FLO heaters are 
compact units. They will pass through a standard 
20 inch manway with ample clearance. 


REDUCED FOULING— The vertical mounting prac- 
tically eliminates depositing on the tubes, and 
avoids the necessity of heating through a layer of 
sediment 


EFFICIENT HEAT TRANSFER — THERMO-FLO 
heaters set up a thermal siphon or “flow” within 
the tank, resulting in highly efhcient heat transfer 
— and avoiding stratification 


LOW VOLUME DISPLACEMENT—Due to Brown's EASY MAINTENANCE—THERMO.-FLO heaters can be 
exclusive finned tube construction, each lineal removed from the tank easily and repaired or cleaned 
foot of fiotube in the THERMO-FLO heater has outside the tank,—or a damaged heater can be re- 
the surface equivalent of 6 lineal feet of plain placed with another standard heater from stock. 


bare pi 

“~ HIGHLY FLEXIBLE—THERMO-FLO heaters can be in- 
STURDY CONSTRUCTION — THERMO-FLO stalled in new or existing tankage and additional 
heaters are built to a standard design — in low units can be added to meet changing conditions. 
cost production quantities — and are completely 
assembled and tested before shipment MEET ANY REQUIREMENT—THERMO-FLO heaters 

can be installed singly or in groups. Fabricated from 

INEXPENSIVE—Users report that the cost of a mild steel, stainless steel, monel, everdur, admiralty 
group of Brown Fintube THERMO-FLO heaters 
~plus their installation —is /ess than just the 
installation of a bare pipe coil having equivalent Bulletin No. 491 Gives Full Details. 
heating capacity. Write for a copy. Today! 


or other metals, to meet individual conditions. 


THE BROWN FINTUBE CO. WARE 
“ ELYRIA, OHIO. HEAT TRANSFER 


PRODUCTS 
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Lever Brothers Company, too, 
gets hydrogen at low cost 


LMOST every hydrogen plant built during the past five years in 
A the United States for fats and oils processors has been a Girdler 
HYGIRTOL® plant. A recent installation, shown above, is the Hammond, 
Indiana plant of Lever Brothers Company. 

Why such widespread acceptance? . . . Because HYGIRTOL plants 
produce hydrogen of purities up to 99.8% at the lowest cost of all 
commercial methods! The plants use natural gas, propane and butane as 
process material and fuel. Operation is continuous, automatic, instru- 
ment-controlled and output can be varied readily from 50% to 110% 
of rated capacity. Only one operator per shift is required. Operation 
is clean . . . no dust or smoke or noise. It produces as much as 35 Ibs. 
of pure carbon dioxide by-product for each 1000 cu. ft. of hydrogen. 

Girdler designs and builds plants to produce, purify or use chemical 
process gases, liquid and gaseous hydrocarbons, and organic compounds. 
Write for information on how Girdler can serve you! 


HY GisTOL ts trade mark of The Girdier Corporation 


Works speak louder words 
GAS PROCESSES DIVISION 


LOUISVILLE 1, KENTUCKY 
Designers, Engineers and Constructors 


Vol. 46, No. 9 CHEMICAL ENGINEERING PROGRESS Page 9 


Why it pays to check with Pfaudler on your 
custom-built process equipment requirements 
Just about 46% of the processing requirements for 
Pflaudler equipment are met by standardized 
stainless steel and glass-lined steel units. Pre- + 
engineered and built on a production basis, this — 
equipment makes possible substantial savings in mee Cccece 
both price and delivery —all of which are passed C CC 
audler does not stop there, however. When 
ard designs won't meet the capacity, pres- ~~ oy 
or other requirements involved, you ob- 
ly need something special. On this work er 
ller offers similar design advantages that can 
real savings to you. 
example, the large stainless steel reactor 
n above would have cost far more had the 
t been built in the conventional way. Instead, 4 
engineered a “dimpled” jacket which 
its higher pressures without a commensurate ere 


ase in steel thickness of relatively high priced 


= 


pa 


. Thus, the purchaser got more for his mone Pe 
see, Plaudler engineering groups are spe- 
the fields of processing, corrosioncering, 
n and fabrication. All work together, give you 

for your money plus better performance, 

us your bids! 


THE PRAUDLER Rochester 3. N.Y. Branch offices: 390 W. t2nd N.Y. 
18 Washington St... Chicago 2. 818 (five St. St. Lowis Moy 
2970 West Geand Blvd, Detroit 2, Mich, 1719 let Nat'l Bank Bldg. Cineiometi 2, 
(hee: 1061 Commercial Trost Bldg. Philadelphia 2. Pa, 751 Litth Bhig 

16, Mase; 334 Chattenooge Bank Bldg. Chattenoogs, Tenn, P.O. 


ton 6 12! Bauman Piteburgh 27. Pa. P.O. Bow 1041 

Mian; The Pfaudler Sales Co, 1325 Howard St. San Francie 

Wilehire Bivd., Low Angeles 5. Calif; Metal Products Corp., 
Artillery House, Artillery Row, London, 5. 8. 1, Ragland. 


GLASS-LINED STEEL. 


THE PFAUDLER CO., ROCHESTER 3, NEW YORK [ aluminum 
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Engineers and Fabricators of Corrosion Resistant Process Equipment, Solid or Clad Stainless Steet 


CREATIVE ACCOMPLISHMENT 


ESULTS of a poll some two years ago indicate that 

chemical engineers are among the happiest of 
married men. This may mean that they are happy 
because they are chemical engineers rather than because 
they are married, but why should chemical engineers 
be happy, married or unmarried? 


There are evidently many reasons for human 
happiness, but among the most important and most 
valid is a feeling of accomplishment. The man who 
calculates the value of pi to five hundred significant 
figures or determines that the word “California” can 
be put together to form a hundred or more English 
words has a feeling of accomplishment, but such 
activities do not present an attractive formula for 
happiness. I suggest that the chemical engineer finds 
happiness through accomplishment of a special variety, 
namely creative accomplishment. 


The boy who builds a clubhouse in a tree gets 
something of the thrill of creative accomplishment, 
which he misses in successfully memorizing a poem. 
The guard at the plant gate does not get it, nor does 
the train conductor, nor even the musician who plays 
but does not compose. The architect, the scientist, 
and the engineer, however, are permitted the happy 
experience of seeing their plans develop and bean 
fruit, of seeing successful buildings, processes, and 
enterprises take shape and grow from the seedling 
ideas which were their own. Theirs is the thrill of 
creative accomplishment. 


If we are men of good will, we will be unhappy if 
our work is not for a worthwhile cause. We are 
fortunate that our natural professional activity is for 
good purposes. A few of us work to develop atom 
bombs, but even these do so in the conviction that 
their work is in the defense of freedom. Most of us 
work with things and people for constructive pur 
poses, in order that there may be new things for better 
living—in order that one company may report an 
annual sales volume of more than a billion dollars in 
products which were not made commercially in 1928. 
his is creative accomplishment. 


But there is another side to this. Those of us who 
work in the fields of research and development are 
privileged to be close to nature, to understand better 
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than our fellow-men that there is a basic order in 
natural phenomena, and that man has this gift of 
understanding. Now and then we have the priceless 
experience of learning something new and important 
about nature, of discovering a new chemical reaction 
or a correlation of jumbled facts. Stanton and Pannel 
had the thrill of creative accomplishment when the 
discovered the general correlation of friction data fo’ 
the flow of oil, water and air in pipes. This is the kind 
of creative accomplishment shared by many chemical 
engineers in the course of their normal professional 
activities, 


The principal difference between secondary school 
and college, other than the increasing complexity of 
the factual material taught, ought to be the opportunity 
and obligation of the college to give the student some 
concept of the thrill of creative accomplishment. The 
college is at fault if the students are not exposed tol 
the opportunities for happiness through creative pro 
fessional work. Students will get this idea only if the 
college has a creative atmosphere—a group of professor 
themselves actively and enthusiastically engaged in 
creative work—an atmosphere of drive, initiative, and 
accomplishment. Engineering colleges, in my opinion, 
should be required to provide this creative atmosphere 
if their curricula are to be accredited, 


Creative accomplishment, as here defined, is evidently 
more dificult in some fields than in others. The bot 
anist, the mineralogist, and others who are required 
to spend a great deal of time classifying facts, must 
find it difficult to make original contributions. Chemi 
cal engineers, with training for creative accomplishment 
in both science and engineering, have wider oppor- 
tunities than most. We have both the greater oppor- 
tunity and the greater responsibility for producing 
new and better ideas, theories, concepts, processes and 
products. 


“God created man in his own image and God 
blessed them, and God said unto them, be fruitful and 
multiply, and replenish the earth, and subdue it.” We 
are “in his own image” if we are creative, and we 
participate in subduing the earth if, as engineers, we 
assist in “harnessing the forces of nature for the benefit 
of mankind.” Few things make for greater happiness 
than success in such endeavors. 


Thomas K. Sherwood 
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—GREATIVE 


New Louisville Chemicals Dryer costs less, 
does 50% more work... at 77% less 
operating expense 


6,000 
3.72 


A magician’s creation? No! The Louisville Dryer described 


Installed cost. ..... .... $20,000 here was installed by a chemical processor after his 

Annval production (tons)... 9,000 production was completely analyzed by a Louisville 

Drying cost per ton. ..... 0.83 engineer. By using advanced, complete knowledge of 
(space required, 500 sq. ft.) drying processes, this dryer was especially designed to fit 


into his production line after the dryer’s performance was 


pre-determined in our own unique research laboratories 
and pilot plant. 


2 Without obligation ask a Louisville engineer to survey 
Lousy ILLE DRYER your drying methods. He may come up with a better 
solution that costs you less for faster, more satisfactory 


in OPERATING COSTS production. 


Louisville Drying Machinery Unit 


Over vears of creative drying engineering 
GENERAL AMERICAN TRANSPORTATION 
CORPORATION 


Dreyer Sales Office: Hoffman Bldg., 199 So. Fourth Street 
Louisville 2, Kentucky 
General Offices: 155 South La Salle Street, Chicago 9. Ilinois 
Offices in all principal cities 


@Gther General tmerican Kquipment: 
Turbo- Mixers, Evaporators, Thickeners, 


Dew aterers, Devers, Towers, 


Tanks, Bins, Pressure Vessels 
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The chlorine-alkali industry is old, very old, yet research workers in this field are ever searching for 
more economic means of production and seeking to extend the applications of techniques . . . at 
the Houston meeting o symposium on the subject wos held and this month C.E.P. prints three of the 


. Papers presented . 


ing caustic alkalies, and metals such as potassium and lead . 


. one, discusses possibilities in the science of using metal amalgams for produc- 
another paper tells of a method for 


producing chlorine without the necessity of manufacturing caustic soda and a third, tells of optimum 
size and current rating of Hooker chlorine-caustic electrolytic cells . 


OPTIMUM OPERATING CURRENTS FOR 
HOOKER TYPE S_ CELLS 


DEANE O. HUBBARD 


Project Engineer, Hooker Electrochemical Company, 
Niagara Falls, New York 


HE trend in the design of chlorine 
caustic electrolytic cells has been in 
larger units 
earlier cells were designed for 1000 to 
1500 amp 
lytic 


the direction of Some 
Today most of the electro- 
chlorine-caustic plants are using 
cells designed for higher operating cur 
rents. One French company ts starting 
a plant early in 1950 with 50,000 amp. 
mercury cells, 
approximately twice the size of the larg- 
est cells in operation in this country 

At various times, the Hookér Type S 
cell has been evaluated in comparison 


which is believed to be 


with smaller cells and with larger cells. 
It was found to be more economical to 


use the Type S cells, at 8000 to 10,000 
amp., in plants as small as 5-ton capa- 
city/day than to use smaller cells. 
Furthermore, indi- 
cated that in plants of about 50 tons 
day and larger a 20,000-amp. cell could 
be more economical than a 10,000-amp 
cell. On that basis the Hooker Type 
S-3 cell was designed with twice the 
active electrode areas of the Type S 
cell. 


these calculations 


General Design of Hooker Cells. The 
Type S cell was originally designed to 
operate at 6000 amp., which was con 
sidered to be its most economical operat- 


ing current at that time. Subsequently, 
with changing cost conditions its rating 
has been increased to 7500 amp., with 
operation recommended up to 10,000 
amp. It has been operated continuously 
at currents up to 12,000 amp., although 
that is not recommended. 

The hasic design of the Type S cell 
(Fig. 1) consists of rows of graphite 
anode blades vertically in a 
concrete bottom. Flat wire screen en- 
velopes extend inward from two sides 
of a rectangular channel frame like fin- 
gers, properly spaced to fit between the 
rows of anode blades forming the cath 
ode. The diaphragm is of deposited as 
bestos fiber on the cathode. 

The Type S-3 cell (Fig. 2) follows 
the same basic design of the Type S cell 
Its active anode and cathode area is each 
approximately twice those of the smaller 
cell. of course 
necessitated modification of de 
tails, but the general approach to a cubi- 
which been found 
has been maintained. Since 
the Type S-3 cell was designed for 
20,000-amp. operation, the leads'and con 
ductors were sized accordingly 


mounted 


The increase in size has, 
some 
cal design, has 
desirable, 


4 
f 
4 
Fig. 1. Hooker Type S Cell Fig. 2. Hooker Type S-3 Cell . 
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Fig. 3. Type S Cell Characteristics 
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its. The best cell and optimum current vestment convenience, the plants 
of course, those which produce the are all rated in tons of caustic soda pro 
return on the investment. Op duced at the cells. With each ton of 

ting costs deducted from the value of caustic soda produced, 0.89 tons of chlo 


hydrogen are also 


To facilitate various studies, particu 
larly in extrapolations, the graphs (Figs 
3 and 4) were developed by a combina- 
tion of theoretical and experimental data 
involving a complete heat balance on-the 
Extrapolation for the Type S cell 
from 8000 amp. to 12,000 amp. on the 
graph and subsequent confirmation by 
actual operation have proved the ac 


An 


equivalent graph developed for the Type 
to their 


ruction 
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required only minor adjustments in the 
average cell operating line. Experience 
has proved that reliable results are ob- 
tained by this method of extrapolation. 
The curves are developed for standard 
operation with 324 g./I feed at 
70° C., producing a cell liquor contain- 
ing 1350 Ib. NaCl/M Ib 

The average cell voltage and average 
cell temperatures of Table 1 are obtained 
from Figures 3 and 4. From numerous 
tests and theoretical evaluations it was 
found that the loss in current efficiency 
of the Hooker cells is inversely propor- 
tional to the operating current 


brine 


caustic soda. 


Using 
4% loss in current efficiency (96% cur- 
rent efficiency) at 8000 amp. for the 
Type S cell and at 16,000 amp. for the 
Type S-3 cells, loss in current efficiency 
at other currents is easily calculated. 
With the current efficiency established 
the daily caustic production of a cell is 
easily calculated 

Under most conditions a brine feed 
rate set to give 52% the 
salt produces the most economical op- 
eration in the Hooker cells. With 52% 
of the feed salt converted the effluent or 
cell liquor contains 1350 Ib. of NaCl, 
M tb. of caustic soda produc ed which is 
usually called the salt-caustic The 
recommended Hooker practice is to satu- 
rate the brine at about 60° C. and heat 
the saturated brine feed to about 75° C. 
Commercially, that results in 


conversion ot 


ratw 


an average 
cell feed of brine containing 324 g./1. 
of NaCl with a specific gravity of 1.210 
at 20/15%4° C. Since the chlorine and 
hydrogen leave the cell saturated with 
water vapor the the 
cell and resultant water in the cell liquor 


water removed at 


are easily calculated a pound ot caustic 


soda. Assuming evaporation to 50% 
NaOH requires the evaporation of 


all water in the cell liquor except the 
one pound that remains with the caustic 
soda 

Determination of the number of cells 
required for each plant size and current 
used is easily determined from the pro- 
duction Table 1 
and the plant size. Considering current 
leakage to ground and operator safety 
with 


per cell as given in 


to ground a 
circuit of about 200 cells is considered to 
be the desirable maximum. In practice, 
that figure may be varied within reason, 


respect to yoltages 


but for these calculations the figure was 
made mandatory. To calculate the power 
requirements, mechanical rectifiers are 
assumed because they have a uniform 
conversion efficiency of about 97% for 
installations as low as about 300 v. which 
drops off to about 96% at 200 v. The 
cells in each circuit multiplied by the 
voltage drop a cell plus 5 v. give the 
circuit voltage. The circuit voltage mul 
tiplied by the circuit current and divided 
by the conversion efficiency gives the 
a.c. power required 


The buildings required to house the 


September, 1950 


it 
666 
6 6) +, 

he | . 

it 

| 1 

efi 

ate 

on 

KY 

28000 £ 
| < 

Z 20000 

4 

A 

: 


cells, rectifiers and cell renewal equip- 
ment and working space are dependent 
on the type of cell used and its operating 
current. The Hooker cells are usually 
placed in double rows with the cells back 
to back and spaced far enough apart to 
provide a service aisle for inspection and 
piping. The most convenient layout is 
with two double rows of cells resulting 
in an economical building width and 
span for cranes. Space for cell renewa! 
is usually the same width as the cell 
building by 50 ft. long for small in- 
stallations up to 180 ft. long, or the 
equivalent floor area, for a 900-cell in- 
stallation. Space for rectifiers taken at 
the cell building width by 36 ft. long for 
each circuit provides sufficient space for 
rectifiers, exclusive of transformers. To 
insure good ventilation a building height 
of 20 ft. is assumed, although less height 
can be used. 

From the above figures, the capital 
costs of Table 2 are calculated. Build- 
ings are assumed at $0.50/cu.ft. and 
rectifiers at $60/kw. installed. 


Operating Costs. Variable operating 
costs are power, steam, cell room opera- 
tors, cell renewal, miscellaneous and de 
preciation. For convenience all costs are 
calculated on the basis of one ton of 
caustic soda produced at the cell. Since 
power cost is the major individual item 
it is calculated at the three rates of 3 
mills, 5 mills and 7 mills /kw.hr. using 
the installed a.c. power required at a 
uniform rate. 

While steam has less effect on the re- 
sult it is calculated at $0.40, $0.60 and 
$0,.80/M Ib. For triple-effect evapora 
tion 0.483 Ib. of steam is used/Ib. of 
water evaporated. For double-effect 
evaporation 0.705 Ib. of steam is used, 
Ib. of water evaporated. While the choice 
of double- or triple-effect evaporation 
could have an effect on the selection of 
the cells and the operating current, dou 
ble-effect evaporation would normally be 
used only on the 25-ton plant size and 
possibly on the 50-ton size. While dou- 
ble-eftfect evaporation should be consid- 
ered for a contemplated plant, including 
it in the calculations for this paper 
would add more work and complications 
than the results justify. 

A determination of the number of 
cell room operators for a given plant or 
type of cell is a variable that is actually 
determined by local plant conditions. 
For the purpose of this study it is as- 
sumed that one operator can handle up 
to 200 cells, or if there is more than one 
circuit one operator is required for each 
circuit. A figure of $1.75/hr., or $42 
24 hr./operator is assumed 

Cell renewal includes replacement of 
graphite, concrete parts, diaphragms, 
and the labor required for assembly and 
change in the cell room. 
ot 


Since circuits 
Hooker cells operate continuously 
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TABLE I. BASIC DATA 


Colt Current 


Current Efficiency % Wed We 
Average Coll Voltage 
Average Coll Temp °C 80 oT 
Lbs Cll Liquor/lb 
Lbs Bvap/lb to OK 5695 5055 
IXPE 8-3 CHLIS 
Gol) Current 12,000 16,800 20,000 24,000 28,000 32,000 
Average Coll Temp °C 96.6 100.0 
Ube Brap/lb to 50K 5080 5030 TR 
TABLE 2. CAPITAL INVESTMENTS TYPE S CELLS* 


6,000 8,000 10,000 22,000 

$420,600 $380,400 $361,700 
924,000 762,800 699,000 446,000 625 ,000 
1,311,000 1,150,000 1,033,000 9164500 
19404000 14355,000 1,286,000 1,213,000 
Tem 2,229,000 1,991,000 2,862,000 147994000 
200 2,926,000 2,651,000 241492,000 243994000 


32.000 
#417,800 380,800 


3,120,500 967,700 
tem 168,000 1,909,000 


669,600 


* Capital 


purification equipment, 


cooling, drying, © 


$353,700 $336,900 $329,800  #327,300 
624,000 603,000 590,100 586,100 
697,000 55,000 838,700 826,000 
1,182,300 1,129,300 1,091,500 1,073,100 
1,734,000 1,645,100 1,604,500 1,568,600 


2315 ,000 


ampressian and 
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2 ,2214,000 


$000 8000 20,000 12,000 26,000 


investments not include brine handling and 
caustic evaporation, chlorine 
Jiquefaction equipment. 


2,114,500 
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with each cell out of service about 3 hr 
two or three times a year no adjustment 
is required for down time on the cells or 
circuits. All cell-renewal work is sched 
uled in accordance with graphite or 
anode life. Graphite consumption is di- 
rectly proportional to oxygen formation 
at the anode which in turn is directly 
proportional to the loss in current efh 
ciency. Since the loss in efficiency is 
inversely proportional to the operating 
current and the loss of graphite is di- 
rectly proportional to the loss in current 
efficiency, the graphite life is constant 
regardless of the operating current. That 
relation, of course, depends upon proper 
operation with respect to all the vari 
ables that affect current efficiency. It is 
virtually impossible to control exactly 
all the variables, but the ideal can be 
approached and operation maintained 
close to it; therefore, it is proper to as 
sume ideal operation in determining 
raphite life, which is taken at 450 days 

ow either type of cell 


Studies have shown that three dia- 
phragms an anode run are the most eco- 
nomical, all factors being considered. 
While the life of the first diaphragm is 
shortened by materials from the anode 
that tend to coat it, the life of the last 
diaphragm is correspondingly length- 
ened that does not change 
average long-term costs. 

One plant may have efficient workmen, 
ideal operating conditions and be lib- 
eral with supplies and equipment issued 
to their men, but, because the cell output 
is delivered to another process and must 
match its requirements, that plant may 
be forced into high renewal costs. An- 
other plant may have ideal conditions 
for all factors and have exceptionally 
low renewal costs. However, it is the 


However 


over-all economic 
the individual items that control, if each 
item of cost is held to a minimum with 
respect to the over-all plant economy. 
Likewise, in a study such as this, indi- 
vidual figures have their effect in the 


of the Cigures ant am sale price are wet, 
the text, the above returns the are 
comparative rether than true returns. 
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picture rather than- 


final result. Therefore, to develop a 
complete picture, reasonable renewal 
costs were developed and included in 
the calculations. 

For depreciation the cells, piping and 
renewal equipment were assumed at 15 
years’ life while buildings and rectifiers 
were assumed at 25 years’ life, using 
straight line depreciations. 

Operating costs from the above are 
simply worked out a ton of production or 
a year for each operating condition and 
steam and power cost. A tabulation of 
those figures gives the relative operating 
costs of the various plants with respect 
to the power load at which they are op- 
erated. With the two types of cells and 
other variables the necessary figures 
multiply to a point well beyond the rea- 
sonable limit to be included for publi- 
cation. However, business is interested 
in the profits made from a given invest- 
ment usually expressed as the per cent 
return a year on the investment. 

To avoié thegnclusion of unnecessary 
figures all costs that would be uniform 
a unit of production in each of the plants 
are not included as mentioned earlier. 
Profit is, of course, the difference be- 
tween sales price and operating cost. 
However, since the cost figures used do 
not by any means represent the total 
cost to produce marketable products, but 
only the variable portion thereof, mar- 
ket price quotations have no significance 
in these calculations. Therefore, an ar- 
bitrary figure of $30/ton of caustic soda 
is assumed in place of a sales price to 
obtain a figure which is convenient to 
use and produces positive returns on the 
investment in all cases except one. The 


difference between $30 and the cost per 
ton multiplied by the tons per year di- 
vided by the capital cost gives return on 
the investment which is expressed as a 
percentage in Table 3 


Conclusions 


Figure 5 is a plot of the returns on the 
investments for the 50-ton plant at $0.40 
steam showing the effect of variable 
power costs and type of cell used. Ob- 
viously, the Type S-3 cells produce the 
higher return on the investment under 
most of the conditions. The optimum 
operating point would be that condition 
which produces the highest return. Thus, 
with 7-mill power the peaks are 12,000 
amp. for the Type S cell and 20,000 amp. 
for the Type S-3 cells. As the unit 
power cost decreases the return on the 


investment increases and the peaks in | 


the curves move towards higher operat- 
ing currents. That indicates optimum 
operation for 5-mill power at 14,000 and 
24,000 amp. respectively for each type 
of cell and 15,000 to something more 
than 32,000 amp. for 3-mill power. How- 
ever, it is furthermore noted in Figure 5 
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that the curves are relatively flat. Since 
some of the optimum currents are well 
above the safe operating limits as indi- 
cated by the current-carrying capacity 
of the leads that is fortunate. Other- 
wise, there would be too much tempta- 
tion to overload the equipment without 
considering the cost of burning out 
connections between cells. It is true that 
the copper could be increased, but so 
would the capital cost and difficulty of 
making good connections so there would 
be little, if any, gain. 

Figure 6, a plot of the return on the 
investment against operating current for 
the various plant sizes for the Type S-3 
cells with steam at $0.60 and power at 5 
mills, is typical of the plots that can be 
made for other cost conditions. It is in- 
teresting to note that as the plant sizes 
increase, the difference in returns tends 
to become less. That is to be expected. 
With a small plant the fixed cost of re- 
newal equipment and excess labor costs 
are a more prominent portion of the to- 
tal than in the larger plants. Thus as a 
critical size is reached with a given size 
cell, further increase becomes a straight 
multiple of the previous size with vir- 
tually constant returns on the invest- 
ment. 

That is more evident in Figure 7 
which plots*the return on the investment 
against plant size at the optimum oper 
ating current for each of the two sizes 
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of cells with power at 5 mills and steam 
at $0.60/M lb. The Type S cell has 
reached its maximum with a plant of 
about 110-ton capacity and remains con- 
stant, while the Type S-3 cell is rapidly 
approaching that point at 200-ton ca- 
pacity. 

Figure 7 indicates another interest 
ing point in the smaller plants, namely 
that even at 25 tons the Type S-3 cell 
still gives a higher return on the invest- 
ment. However, if figures are developed 
using mercury-are rectifiers, rotary con- 
verters, or motor generator sets, the 
conversion efficiencies would drop off 
rapidly as the cell circuits become 
shorter. That would force the larger 
cells in small plants to use less efficient 
conversion equipment to meet the volt- 
age requirements resulting in lower re- 
turns for the larger cells. Previous 
work has indicated that if mechameal 
rectifiers are not considered the curves 
for the two cells would cross at a plant 
size of about 50-ton capacity. 

In general, as plant size is increased 
the size of the cell used should also in- 
crease. Furthermore, with the high cap- 
ital costs involved cells should be oper- 
ated at the maximum current consistent 
with their design 
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BY-PRODUCTS OF AMALGAM-TYPE 
CHLORINE CELL 


ROBERT B. MacMULLIN 


Consulting Engineer, R. B. MacMullin Associates, 
Niagara Falls, New York 


Utilization of metal amalgams in the preparation of industrially important 
chemicals, and in the separation and purification of metals is a compara- 
tively new science. In this paper the technical basis for the formation 
and utilization of amalgams is discussed. Processes are described for 
the production of free metals such as sodium, potassium, lithium, zinc 
and lead by two different techniques—(a) distillation of mercury from 
the amalgam, and (b) electrodeposition. Caustic alkalies are produced 
by decomposition of alkali amalgams with water, and metal alcoholates 
decomposition of the amalgam with a suitable anhydrous alcohol. 
arious metallic salts are produced by direct union of the metal dis- 
lved in the amalgam with other elements and acidic compounds to 
oduce, for example, sodium sulfide, sodium hydrosulfite, sodium chlor- 
and sodium nitrite. Amalgams are useful for organic reductions, and 
ocesses are described for the production of azobenzene and hydrazo 
luene. The latter compound can be further used in a cyclic process 
the production of hydrogen peroxide. Additional applications in the 

Id of amalgam metallurgy include phase-exchange reactions and reduc- 

n of metallic chlorides with sodium amalgam to produce such metals 


titanium and zirconium. 


N the 
duction of chlorine an aqueous solu 
salt is 
evolved at 
metal of the 


amalgam process for the pro 


" chloride electrolyv zed 


lorine gas i graphite 
amd the salt in 
tion is deposited on a flowing mer 


The 


mereury tt 


v cathode free metal dissolves 
amalgam, 


from the electroly 


form an 

sithdrawn 
ipartment. This amalgam may be 
na number of ways, which can 
sifted as follows 
! metals: tor 
lithium, 


the of tree 


potassium 


pr 
sodium 


ri ead, et 


example 
Hy distillation of mercury from 
the amalgam, leaving free metal 
electr deposition 


luction of caustic alkalies by de 


position with water 


al alcoholates by 
the amalgam with a 
alcohol 


Production of 


bw direct 


salts 
metal dissolved 
other elements 


various metallic 
the 


with 


m the amalgam 
acidic Compounds 


s Sodium sulfite by reaction of sod 
rum with sul tour 

Sodium hydrosulfite by reaction of 
sodium with sulfur dioxide 
‘ reaction 
with cl lox ale 


Sedum nitrr 


tum wil 


For organic reductions 
a. Nitro to azo to hydrazo 


ws) 


(aromat 
b. Quinone to hydroquinone 
acid to glyoxylhic acid 


d. Ketones to pinacones 


Amalgam metallurgy 
metals im 
trom their mixed 


lead, 


chlorides 


a. Separation ot 
their pure torn 
electrolytes for 

from the 


Varios 


example 
copper, zin 

bh. Reduction of metallic chlorides to 
produce metals: for 
ple, reduction of titanium and zir 
contum chlorides to produc ¢ titan 
ium and zircomum 


other eXan 


The greatest use today of the amal 
gam-type chlorine cell is for the produc 
tion of caustic soda. The major portion 
of the electrolytic chlorine produced in 
countries outside of the United States is 
in the amalgam-type cell. In the United 
States, the diaphragm cell predominates, 
but the amalgam-type cell is gaining in 
(17, 20, 25). The raw ma 


in the 


popularity 
terial is sodium chloride, usually 
form of rock salt. Products of 
trolysis chlorine gas 


elec 
are and sodium 
amalgam, usually in a strength ranging 
between 0.1 and 0.396 Na. In most ex 
isting plants, the sodium amalgam is de 
omposed form 

1} The caustic so 
produced is exceptionally pure and can 
be made in strengths up to 70% NaOH 


with water to caustic 


vdrogen gas 
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After stripping the sodium from the 
amalgam, the mercury is returned to the 
electrolysis cell. A schematic flow sheet 
of the mercury-cell process is shown in 
Figure 1. 

There are many varieties of mercury 
cells (See Fig. 2). First, there is the 
rocking cell invented by Castner, and 
still in use today at the Niagara Falls 
plant of the Mathieson Chemical Corp 
(9). These cells small, carrying 
about 1500 amp. and are unsuitable for 
the manufacture of amalgam by-prod- 
ucts. Second, there ts 
of stationary-type cells with horizontal 
In this type 
of cell, mercury is circulated by means 
pump. Such cells are built in a 
wide range of sizes, from the 1500-amp. 
Sérensen cell to the 30,000-amp., 14- 
cell of the I 
It is practical to utilize the amal 
gam produced in such cells, particularly 
in the larger sizes, for the production of 
by-products other than caustic alkalies. 
Third, there is the Honsberg cell with 
the vertical rotating disc cathodes (31). 


are 


the broad class 
flowing mercury cathode. 


ota 


meter G. Farbenindustrie 


(29) 


These cells are built in large sizes, exist 
ing installations in Germany having a 
capacity of 28,000 amp. each. Such cells 
are particularly amalgam 
producers for by-product manufacture 

It is beyond the scope of this paper to 


adapted as 


discuss the relative merits of the various 
commercial types of mercury cells, or to 
discuss the details of operation, except 
insofar as they have a bearing on the 
utilization of the amalgam for by-prod 
uct manutacture 
size, many individual cells are required 
Assuming a 95° 
each thousand cell amperes 
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two possible ways of 


amalgam are distinguished thus: 


a. Cell Sised Unit. For example, in the 


manufacture of caustic alkali, it is custom 
ary to attach a decomposition chamber to 
each cell, thus keeping the mercury poten- 
tial in each manufacturing unit unchanged 


b. Group Sized Unit. For example, if the 
sodium were to be recovered from the ama! 
gam by distillation, as in the Moultor 
process (vide infra), amalgam flowing from 
the group of cells is combined, and after 
recovery of the sodium, the mercury fed to 
the group is manifolded to the individual 
ells. This necessitates a mechanical break 
amalgam and mercury flows of ind: 
order to insulate them cle 
mbined flows, whic! 
urse be at ground potential 
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Fig. 1. Typical Flow Sheet Amalgam Cell Process for Chlorine. 
By-product shown is caustic. 
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produced by 


ROCK SALT ELEVATOR 
caustic 
STORAGE STORAGE 
TREATER 
> > 2, 
96% SULFURIC ACID 
i FLASH | 
CHLORINE 
cr 5 > 
> DECHLORINATOR 
caustic 
4 
. 
A 
Solubility of the Metals in Mercury (15) = 
t 
a 
Over 10% 43.0% 52.0% 
1 to los 6.08 20.08 
3.5% 
2.0% 6.08% = 
1.4% 11.0% 
1.3 7.0% 
1.2% 3.5% 
0.1% to 
1.0% 
1. 
0.8% 
0.7% 
Si, Te, 
Ce, Ops Dy, 
Mb, Md, Os, 
Ru, Se, Sm, 
4 
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ATOMIC PERCENT ALKAL) METAL IN AMALGAM 
Fig. 4. Solubility of Alkali Meta's in 
Mercury. 


maximum. Solubilities of the alkali 
metals between 0° C. and 100°C. are 
plotted on an atomic per cent basis in 
Figure 4 

Amalgams may be further classified 
into three types as shown in Figure 5 
(15). These are: 


1. Gallium Type 

Ga 

Amalgamate with difficulty 

Insoluble in mercury 

Overvoltage with 
metal 

No affinity for mercury 

Especially suited for retort processes 


2. Zine Type—Zn, Pb, Cd, Ti, Sn, In, Bi 

Easily amalgamated 

Dissolve readily in mercury 

Approximately same potential as pure 
metal 

Form mixed crystals 

Especially suited for phase separations 
and electrolytic separations 


Fe, Ni, Co, Mn, Cr, Al, 


respect to pure 


3. Sodium Type—Na, K, Rb, Cs, Ca, Sr, 
Ba: 


TABLE 2, 


Type 
ve -0.721 
Na -0.512 
cr 
Zinc Ime 
la -1.038 
-0-406 
Sa -0.421 
Cu -0.064 
Scdius Type 
~3+205 
Li ~3+2h0 
Ca 


React completely rather than super- 
ficially 

Low solubility in mercury 

Undervoltage with respect to pure 
metal 

Form compounds with mercury 

Can be formed by aqueous electrolysis 


The solution pressure of the dissolved 
metal in the amalgam may be cither 
lower, equal, or higher than the solu- 
tion pressure of the pure metal itself 
The electrolytic potential of the pure 
unalloyed metal depends only on the con- 
centration of the metal ions in the solu- 
tion in contact with the metal; whereas 
the amalgam potential depends both on 
the concentration in the aqueous and in 
the mercury phases. An amalgam of de- 
finite concentration in contact with an 
ionic solution of definite concentration, 
has exactly the same petential as a ten 
times more diluted amalgam in contact 
with a ten-times more diluted solution ; 
or a ten-times more concentrated amal- 
gam in contact with a ten-times more 
concentrated solution. Amalgam poten- 
tial can be defined as a constant in a 
system in which the activity in mercury 
is exactly equal to the activity in water. 
This potential can be readily determined 
by polarography as the so-called half- 
wave potential. 

In Table 2 are shown the standard 
electrode potentials of pure metal and 
amalgam in volts, referred to the normal 
calomel electrode, for several metals of 
the three types already mentioned. Thus, 
for iron, nickel and chromium, which 
belong to the gallium type, the solution 
pressure is actually greater when dis- 
solved in the amalgam than as a free 
metal. Therefore, it can be said that 
amalgamation renders these metals less 
noble. For zinc, lead and tin, belonging 
to the zinc type, the solution pressure is 
substantially the same for the amalgam 
as for the free metal. For sodium, po- 


-1.33 20.61 
-1.08 00.57 
00.58 
-1.06 40.02 
00.05 
#0-05 
22035 70.85 
-2.17 
<2. -0. 

-0.82 
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Hg 50% Ga 


(@) GALLIUM TYPE 


200° 


Hg 50% 
(b) ZINC TYPE 


zn 


Hg 50% 
(c) SODIUM TYPE 
Fig. 5. Amalgam Types After Hohn(is) 
a. Gallium Type, Fe, Ni, Co, Cr, Al, Ga. 


b. Zine Type, Zn, Pb, Cd, Ti, Sn, In, Bi. 
Na, K, Rb, Cs, Ca, 


tassium, lithium and calcium, which be- 
long to the sodium type, the solution 
pressure of the amalgam is considerably 
less than that of the free metal. One 
may say, therefore, that the alkali and 
alkaline earth metals are made more 
noble by amalgamation. 

This property of undervoltage of the 
alkali metal amalgams is important. For 
many of the reactions discussed here, use 
of the free alkali metal would be tech- 
nically difficult, or impossible, to say 
nothing of the great expense. Sodium 
metal, for example, reacts violently with 
water, but sodium amalgam reacts 
hardly at all, excepting under special and 
controlled conditions, The overvoltage 
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Activity coefficient taken as unity 
infinite dilution. 
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the solution. For accurate results it is 
necessary to use activities rather than 
concentrations in the above equation. 
The activity of an ion equals the prod- 
uct of the activity coefficient and the ion 
concentration. The activity coefficients 
of various ions in water have been the 
subject of much study and values can be 
found in physicochemical tables. On the 
other hand, the activity coefficients of 
amalgam are not so well known. The 
activity of sodium in sodium amalgam 
has been calculated from the data of 
Richards and Conant (26), and is shown 
in Figure 7. In this plot the activity of 
sodium is taken as zero at infinite dilu 
tion 
The potential of the half-cell (78) 


Na(s), Na(amalgam 0.206) ; 
E = —0.8482 v. (2) 


From Figure 7, the activity of a 0.206% 
amalgam is 0.029. Hence, the potential 
of the cell 


Na(s), Na(amalgam ) ; 


a 
—0.8452 + 0.059 ( 
52 + 0.0 log 0.029 
(3) 
or 
I —0.755 + 0.059 log a, (4) 


Metallic Sodium from Sodium Amal- 
gam by Distillation Technique. It has 
been proposed to operate a mercury cell 
at a high enough sodium concentration 
in the amalgam to permit the recovery 
of a solid alloy, NaHggs, by cooling the 
amalgam. Thus, if the temperature of 
electrolysis were maintained above 70 
C., the sodium in the amalgam might be 
built up to 1.0%, which corresponds to 
its solubility at 70°. Solubility at zero 
degrees is about 0.59. Hence, approxi- 
mately half the sodium could be recov 
ered by filtering out the solid crystals. 
The filtrate would then be reheated and 
recycled to the electrolysis cell. Metallic 
sodium can be recovered from the 
NaHg, by distilling off the mercury in 
a retort. While this process was the sub- 
ject of a patent (7), it is probable that 
the process would be impractical. When 
the sodium concentration in the amal- 
gam is allowed to build up to more than 
about 0.2 to 0.3% Na, the current effi- 
ciency of a mercury cell begins to drop, 
hydrogen begins to be evolved in dan 
gerous quantities along with the chlor- 
ine, and difficulties with “thick” mercury 
or mercury “butter” are encountered 
rherefore this process can be ruled out 
ot practical consideration 
approach to the 
problem was made by Seth Moulton 
(4, 22). A schematic flow sheet of the 
Moulton process is shown in Figure & 


\ more practical 


MERCURY 


CELL 


Fig. 9. Electrodeposition of Sodium from Sodium Amalgam. 
Gilbert process, as carried out by 1.G. Farben at Gersthofen. 


Moulton proposed to run the mercury 
cells at the usual strength of 02% Na so 
as to insure good electrolytic operation. He 
then proposed to concentrate this amalgam 
to about 0.349% Na in a multiple-effect va- 
cuum evaporator using mercury vapor as a 
heating medium. The partly concentrated 
amalgam was then to be concentrated to 
approximately 50% Na in a mercury boiler 
of the same general type as used by the 
General Electric Co. for the generation ot 
power. It will be noted that the melting 
point of 50% sodium amalgam (90 atomic 
%) is approximately 42°C. By operating 
the boiler on a continuous basis, one com- 
pletely avoids the high melting intermediate 
amalgams, the maximum of which corre- 
sponds to the compound NaHg, with a 
melting point of 354° C. The 50% amalgam 
take-off was then to be further rectified in 
an electrically heated retort to produce hi- 
quid sodium metal 

Perhaps the most interesting feature of 
the Moulton scheme was the proposed gen 
eration of electric power in a G.E.-type 
mercury steam binary unit (4,28). Mer- 
cury vapor was to be expanded in mercury 
turbines from a temperature of 1150° F. to 
438° F. The mercury was to be condensed 
in a water evaporator to produce steam at 
280 Ib. pressure, 411° F. The saturated 
steam was to be superheated to 510° F., and 
this steam expanded in conventional tur- 
hines. The combined mechanical output of 
the mercury and steam turbines would be 
sufficient to generate all the electric energy 
required for the electrolysis and auxiliaries 
for the entire plant. The estimated fuel 
consumption was 5.6 tons of coal/ton of 
sodium metal. The capacity of the mercury 
steam electric plant was estimated to be 
339 kw./ton of sodium, or about 8000 
kw.hr./ton of sodium 


Many technical questions are involved 
here, and they have been given detailed 
consideration by Moulton (now de- 
ceased) and his associates. It is note 
worthy that the boiling-point rise due 
to the presence of 50% sodium in the 
mercury is said to be surprisingly small. 
The density of the 50% amalgam is 
about one thirteenth that of mercury. 
Consequently, the amount of mercury 
tied up in the boiler is considerably less 
than it would be in a straight mercury 
boiler; further, the static pressures in- 
volved are much lower. What technical 
difficulties there may be can not be fore- 
seen. The writer has checked the en- 
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gineering features carefully, and they 
appear to have a sound basis. The in 
vestment required, including the power 
plant and the electrolytic plant, is of the 
same order of magnitude as that re 
quired for the manufacture of sodium 
by fused salt electrolysis. The cost of 
manufacture by the Moulton scheme 
should be less. 


Metallic Sodium from Sodium Amal 
gam by Electrodeposition. The possibil 
ity of recovering sodium from sodium 
amalgam by electrodeposition was recog 
nized by Dr. Harvey N. Gilbert of the 
Du Pont Co. as early as 1936, Dr. Gil 
bert devised an electrolytic cell with a 
rotating vertical anode, employing a 
molten bath of a eutectic mixture ot 
NaOH and NaBr as the electrolyte. This 
apparatus was patented in 1941 (14) 
The German rights to this invention ar« 
held by Deutsches Gold und Silber An 
stalt ( Degussa). 

I. G. Farbenindustrie licensed the 
process from Degussa and undertook th« 
experimental development of the idea. A 
1000-amp. cell was built and operated at 
Gersthofen, and designs for a 16,000 
amp. commercial model were on the 
drafting boards at the close of the war. 
Details of the 1. G. Farben experiments 
were reported by W. C. Gardiner (12). 
The principle involved is illustrated in 
Figure 9. 


Sodium amalgam is produced by the elec- 
trolysis of brine in the usual way in either 
a horizontal- or vertical-type mercury cell 
The amalgam is preheated in a heat ex- 
changer and then fiows to the sodium cell 
which is maintained at a temperature of 
230° to 250° C. In the cell a set of rotating 
steel discs, the lower half of which dip into 
a pool of amalgam, pick up a film of amal 
gam and carry it into a pool of molten elec- 
trolyte, which floats on the surface of the 
mercury. A series of stationary nickel 
plates, also immersed in the electrolyte, are 
spaced between the rotating discs so as to 
leave a gap of about 15 mm. A current is 
then passed in such a way that the rotating 
discs are anodic and the stationary plates 
are cathodic. Metallic sodium in the liquid 
state plates out on the nickel electrodes and 
floats to the surface of the molten electro- 
lyte 
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A suitable electrolyte was found to be a 
ftiary mixture of 53% NaOH, 28% 
jaBr, and 19% Nal. Such a mixture is a 
yw melting eutectic and permits operating 
mperatures as low as 230° ( 

The molten sodium is skimmed off the 
riace of the electrolyte intermittently. To 
ye extent the following reaction 
curs 


also 


NaOH + 2Na + Nali (5) 


sodium hydride is soluble in metallic 
lium, and is removed with it from the 
Hl, and soon decomposes. The sodium 
oxide forms a mud which is reduced by 


Soda 
Batt $0.00 
0.10 = 0.20 
0.002 = 0.001 
Ba 80, 0.0004 0.002% 
Bacio, - 
fe 0.0001 - 0.0008 


50 60 70 


PERCENT BY WEIGHT 
Fig. 10. Solubility of the Alkali Chlorides and Hydroxides in Water. 


bubbling hydrogen into the melt through 
sparger tubes 

It was found that the sodium so produced 
in this type of cell always contained smal! 
amounts of mercury in the range of 0.5% 
to 1% Hg, depending upon the operating 
temperature, current density and other fac- 
tors. This makes the metal hard and un- 
usable for most purposes, and also repre- 
sents a serious item of expense if not re 
covered. The mercury was removed by 
passing the liquid sodium over metallic cal 
cium at a temperature of 380° C. By this 
means the mercury content was reduced to 
about 0.01%. The mercury was then recov- 
ered from the calcrum by retorting 


TABLE 3. 


50.0 

0.1 = 0.4 
0.2 = 0.4 
0.03 - 0.02 
0.001 0.02 
©.001 - 0.005 


0.002 - 0.005 
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The decomposition potential of the cell is 
about 0.85 v 
tice cell voltages were in the range of 1.5 
to 1.9 v.; the current efficiency, 80 to 9%; 
the dc. energy required for the recovery of 
the sodium metal, including the energy lost 
in the by-pass, averaged 2.75 kw-hr./kg. of 
Na. The dc. energy required to produce 
the sodium amalgam by aqueous electroly- 
sis may be taken as approximately 5.65 kw. 
hr./kg. Na. The total electrolysis power, 
theretore, is approximately : 


5.65 /0.80 + 2.75 985 kw br./ke. of Na 


(6) 


Since the current efficiency in the chlorine 
cell is less than unity, then if the two cells 
are im series, part of the current must be 
shunted through a rheostat in parallel with 


the sodium cell. In order to keep the chior- 
ine cell in constant operation irrespective of 
the sodium cell operation, the amalgam may 
be recycled to the chlorine cell through a 


conventional decomposer for the production 


of caustic soda. Thus, along with the metal 
le sodium, a small amount of caustic soda 
will be produced 


It is interesting to compare this mer- 
cury-cell process with the fused-salt 
electrolytic process. Degussa operated 
the Downs cell process, and thereby was 
in good position to make such a com- 
parison. The Downs cell operates at a 
temperature of about 585° C.; voltage is 
about 7.7; current effiicency about 78% ; 
dc. energy for electrolysis is in the 
range of 13 to 15 kw.hr./kg. Na 


Advantages of Amalgam Process 


1. Lower graphite consumption ; 0.97 vs 


1.6 kg./100 kg. Na 

2. Lower power consumption; 1000 vs 
1300 kw.hr./100 kg. Na 

3. No steam or gas required for salt 


evaporation and drying 
4. More chlorine is simultaneously 


duced ; 188 vs. 154 kg 


pro 
100 ke. Na 


Disadvantages of Amalgam Process 


1. Higher salt consumption; 322 vs. 283 
ke./100 kg. Na 

2. Uses 0.6 kg. calcitum/100 ke. Na 

3. Uses unknown but probably 
amounts of NaBr and Nal 

4. Uses mercury, at least 0.06 and prob- 
ably 0.1 kg./100 kg. Na 

5. The product contains 0.01% 

purihication 


small 


He after 


\ further incentive the 


amalgam process ts present tor any com 


lor using 
pany which already operates a mercury- 
cell plant. In such a the 
portion of the investment has already 
been made. Sodium cells can be added 
as required at comparatively low cost, 


case, major 


und sodium can be made on a small scale 
about as cheaply as on a large scale. Cost 
of the amalgam is determined by the size 
of the chlorine plant, and ts the same no 
matter all cells are 
ipplied to the manufacture of metallic 
sodium 


whether one cell or 
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(see Table 2). In actual prac- 
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Fig. 11. Flow Sheet for Sodium Methylate Manufacture. 


Caustic Alkalies from Alkali Metal 
Amalgam. Caustic alkalies of commer- 
cial importance are the hydroxides of 
sodium, potassium and lithium. These 
can be made from the corresponding 
amalgam by decomposition with water. 
Most existing amalgam-type chlorine 
plants produce caustic soda; a few pro- 
duce caustic potash; and so far as is 
known, there are no existing plants pro 
ducing lithia. Decomposition takes place 
in a denuding compartment where the 
amalgam acts as an anode, and is short- 
circuited to a cathode, the electrolyte be 
ing a caustic alkali solution. Taking 
sodium amalgam as the prototype, the 
reactions are, 


Anode : 
NaHg, — ¢ = 
Cathode : 


+xHg 


H,O+e = OH-+%H, (8) 


Pure water in sufficient quantity is sup- 
plied to the decomposer to carry on the 
above reactions and to carry away the 
sodium hydroxide formed. The escape 
of hydrogen also evaporates water from 
the solution. Solutions containing up to 
70% NaOH can be produced directly in 
the decomposer. 

Alkali metal amalgam reacts with 
water slowly because of the high over- 
voltage of hydrogen on the amalgam 
surface. The reaction can be promoted 
by placing a metal or graphite electrode 
in contact with the amalgam and the 
solution. This forms a voltaic battery. 
The driving force of the cell is the metal 
amalgam anode potential. Opposing it 
are the anode polarization, I.R. drop in 
the caustic solution, hydrogen over- 
voltage, hydrogen discharge potential, 
and the IR. drop of the metallic parts. 
The amalgam discharge potential de- 
pends solely upon the activity of the 
sodium in the amalgam and the activity 
of the sodium ion in solution. It is in 
creased by (1) increasing the sodium 
concentration in the amalgam, (2) de- 
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creasing the sodium hydroxide concen- 
tration of the electrolyte, and (3) in- 
creasing the temperature. The rate of 
discharge depends upon the amalgam 
potential and also upon the area of the 
cathodic surface on which the hydrogen 
is deposited. In a given cell, therefore, 
the higher the ampere load, the lower the 
equilibrium strength of alkali that can 
be produced. 

Amalgam decomposers can be classi- 
fied, shown in Figure 3, as follows: 


a. The sloping, nearly horizontal trough 
in which the amalgam flows countercurrent 


METHYLATE 


Courtesy Mathieson Chemical Oorp 


to the water. The contact cathodes, usually 
in the form of plates or slotted blocks of 
graphite, are laid on the bottom of the 
trough so that they are in contact with both 
the amalgam and the water (30) . 

b. The tower type which is filled with 
carefully sized granules of graphite, over 
which the amalgam and the water are 
caused to flow (13, 31). Such towers may 
be operated either flooded or nonflooded 
with respect to the amalgam, and the flow 
of water may be cither parallel or counter 
current to the amalgam 


Conditions for producing sodium, 
potassium and lithium hydroxides differ, 
since they depend on such physical pro- 


TABLE 4, 
Qperating Deta on 7-neter 1,0. Barden Celle Making Potash Soda (52) 


of Operation 
Current Load - amperes 


Cathodic current’ density - amps/n* 


Anodic current density - amps./m? 


Brine concentration in gpl KCl or NaCl: 


Teed 
Discharge 


Brine flow per cell - L/hr. 
Temperatures, O°C: 

Brine feed 

Brine discharge 

Decozposer liquor 
Voltage per cell: 


For new anodes 
average 


Current efficiency percent 


Hydrogen in chlorine gas. percent 


Anode life in kiloampere hrs. per set 


Percent K or Me increase in omalgem 
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OSSOCIATION PRESSURE Hg 
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Fig. 12. Dissociation Pressure of 
System NaOCH, Ch.UHts 
NaOCH.+CH.OH 


as the solubility of the metal in 
the solubility 
brine 
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used tor 


pe rte 
he amalgam (sve 4) 
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chloride in the used tor 


lectrolysis solubility hydroxide 


mn the water 
see Fig. 10), and the 


both im the 


decomposition 
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electrolysis cell 
(See Table 2.) 


t the usual cell operating temperatures 


teritials 
ml on the decomposer 
os the lithium 


most soluble and 


least soluble in mercury; therefore 
1000 
lithium 
Solubility of the 
greatest tor lithum 
therefore the 
irculation must necessarily be greatest 
Solubility of the 
greatest tor 
lithium; at 70°, for example 
tubility of NaOH is 75 


ractical to operate the decomposer at 


amalgam circulation amp. is 


ecessarily and 


ast) for 


greatest tor 
sodium 
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ist tor 


amd 
; brine 
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vdroxiules is sodium and 
ast tor 
and it i 
0% strength. At the same temperature 
KOH is and it 
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Hubility of only 
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the same temperature, the 
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solubility of 
and it will be im 
litha at any 
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outstanding 
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The two ulvantages ot 
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quality caustic soda and caustic potash 
No changes in the plant are necessary in 
shifting from the production of one to 
the other 
hithia 


be made 


For the production of caustic 
some adaptations would have to 


Wetal Alcoholates from Alkali Metal 
imalgam. Secdium alcoholates are ver 
atle reagents for synthesis 
Reactions of sodium methvlate, for ex 
unple 


and 


organi 


include pyrogenic, metathetic 


oxidation-reduction reactions, con 


densations, and ring closures (3). Com 
pounds of commercial importance which 
may be made by methods involving the 
use of sodium alcoholates include phar 
perfumes 
dyes and organic intermediates 


maceuticals metallic soaps, 
Ot par 
ticular importance are sulfadiazine and 
ullamerazine, the barbiturates, and 
Vitamin B 

Che preparation of the alcoholates has 
for the most part been accomplished by 
the usual means of dissolving metallic 
sodium in the appropriate alcohol, by the 
simple reaction 

2Na + 2ROH 


*2NaOR + Hy, (9) 


In practice, however, this procedure is 
beset with hazards because of the neces 
sity of sodium, the 


handling metallic 


violence of the and the neces 
excluding all 
mosture which causes hydrolysis to so 
and which 
affects subsequent yields 

The 


sahum alcoholates 


reaction 


sity tor trace of tree 


dium hydroxide adversely 


possibility of producing the 
from sodium amal 
gam was recognized by the Mathieson 
Chemical Corp. in the late 1930's, and 
World War II a_ 10,000-amp 


amalgam cell was devoted to the produc 


during 
tron of sodium methylate. The product 
was tsolated as a dry alcohol-free pow 
der, and was packed in airtight con 
tainers. The product was actually used 
in the preparation of sulfa drugs which 
were critical ttems in the conduct of the 
war 

It was found that the lower aliphatic 
alcohols 
odium amalgam in much the same man 


could be used to decomp se 


ner as water is used to produce causti 


soda. Reactions take place in decom 


posers of the type previously described 


tor the preparation ot caustic alkali 


Hydrogen is evolved from the contact 


electrode im just the same manner as 
when water is used for decomposition 
In this 
that the 


otherwise 


case, however, it ts important 


alcohols be strictly anhydrous 


the alcoholates will hwdrolwze 


awceordu gto the reaction 
NaOR + H,O NaOll + ROH 
10 
soluble im the al 


Since caustic soda is 


cohol the product would be contamunated 
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with it, and the product would be less 
The re 
action of the alcohols with the sodium 
amalgam is more sluggish than for 
water. Further, ethyl 
more slowly than methyl alcohol 


useful for commercial purposes 


alcohol reacts 

and 
propyl alcohol reacts too slowly to be 
practical. Solutions of sodium methylate 
and methanol can be prepared in the 
range of 5 to 15% NaOCHs. Data on 
physical properties of sodium methylate 
and its solutions are given by Byrkit and 
Soule (3) 

A process for producing dry sodium 
methylate is shown on the 
flow sheet (Fig. 11) 
from a 


schematic 
Sodium amalgam 
conventional amalgam cell is 
contacted with anhydrous methanol in a 
tower-tpye decomposer to produce a 15 
solution 

of cours« 


The hydrogen gas evolved is 


saturated with methanol, 
which is recovered partly in a reflux 
condenser and partly in an absorber. 
The methylate solution is then filtered 
and evaporated at atmospherix pressure 
then 


reduced to dryness on a batchwise basis 


to a concentration of about 35%, 


in a steam-heated dryer. Sodium me- 
thylate, NaOCHs, is obtained as a fine 
white free-flowing powder. It is hygro 
it 1s oxidized slowly by atmos 
pheric air, and will flash like gasoline 
when the suspended dust is ignited. The 
dissociation pressure of the methylated 
sodium methylate is given in Figure 12 
rhe recovered methanol from the evapo 
rator and dryer is recycled to the «ke 

composer ; fresh methanol is added equi 
valent to the alcohol content of the 
product plus the process losses 


SCOpIc ; 


When one attempts to prepare sodium 
there is 
not only the difficulty of the slower de- 
composition, but also the following 


ethylate in the same mannet 


a. Since pure ethyl alcohol is involved, 
the process is subject to all the strict regu 
lations of the Bureau of Internal Revenue 

b. Pure sodium ethylate is not a stable 
substance, but darkens and undergoes deter 
ration with age. This can be offset to a 
considerable extent by the use of organic 
amine stabilizers 


It goes without saving that the potas 
sium alcoholates could be produced im 
much the 


same manner as the sodium 


alcoholates. 


Sodium Sulfide from Sodium 
gam. Sodium sulfide, in strengths up to 
about 58% Na,S, can be made by react 


imal 


ing sodium amalgam with a sodium poly 
sulfide solution. The reaction is 


(2x — 2)Na(He) 


xNa,S + (Hg) (ll) 


\ portion of the sodium sulfide pro 


duced is used to dissolve up the sulfur 
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required to make the sodium polysulfide 
solution ; 


+ (x—1)S 


Na,S 


(12) 


The process was dev eloped independ- 
ently and concurrently in Italy and the 
United States in the middle 1930's, but 
patent priority was established by Luigi 
Achille of Milano, Italy (17). United 
States rights are now held by the Alien 
Property Custodian 
amalgam process has been 
tor some 
Patent rights were acquired by I. G 
Farbenindustrie oper- 
ations were established at Hochst and at 
Ludwigshafen on a sizeable scale (29) 


The sodium sulfide 
established 
Italy 


time at Tavazzano, 


and commercial 


The Mathieson Chemical Corp. operated 


PERCENT FREE SULFUR 


Courtesy Mathieson Chemical Corp 


Fig. 14. Reduction of Sodium Poly- 
sulfide In Compartmentized 
Reactor. 
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a pilot plant for some time 
Falls. 

\ schematic flow sheet of the process 
is shown in Figure 13. 
amalgam reactors or decomposers have 
In the 
Mathieson reactor, the amalgam flows as 
a flat sheet through a horizontal rubber 
lined trough. The trough is divided into 
a number of compartments mild 
agitation for the aqueous layer is pro 
vided in each. The flow of the polysul 
with the 
adapted to making 


at Niagara 


Several styles of 


been used, as shown in Figure 3 


and 


fide is concurrent amalgam 
The process can be 
crystalline Na,S-9H,O, or 55 to 60% 
flake Na,S. For the latter, 
solution corresponding to the 
NayS, is prepared, and the operating 
temperature is maintained high enough 
to prevent 


a polysulfide 
formula 


freeze-ups. Care must be 


TABLE 5. 


SCREEN 
FLAKER 
WATER 


soos SULFIOE 


FINES 
OISSOLVER 


13. Flow Sheet for Sodium Sulfide Manufacture Showing Mathieson-Type Reactor. 


taken not to strip completely the sodium 
from the amalgam, otherwise some mer 
cury sulfide will form, 

The course of the reaction through 
the various compartments is shown on 
Figure 14. 
partmentizing, the free sulfur can be re 
duced to value sul fick 
solutions containing 0.01% sulfur or less 
are practically water white, 


It is thus seen that, by com 


a low Sodium 
whereas the 
polysulfide solution fed to the cell is a 
deep red 

Reference to the solubility curve ( Fig 
15) will make clear why it is impractical 
to make sodium sulfide in any strength 
above 60% Na,S. For the production of 
sulfide of the highest purity and whitest 
color which 
to thio- 
and to avorl contamination with 


it is essential to exclude air, 
otherwise oxidizes the sulfide 


sulfate 


snalrece of Sulfide Erotuced Process 
Blanks not reported 


Total Eq. 


from I, titFatior 
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BRINE 
SULFUR AMALGAM 
) 
TANK | REACTOR 
=a 
FILTER - 
> >, 
a 
| 
| PRODUCT 58 
| TEMPERATURE °C 68/102 
IN 061 |214 
| 
30.0 58.0 26.0 51.53 
| 
Free S 0.06 0.13 0.002 0.002 
\ | 
0.20 
| | 0.69 1.09 
J + + + 0. 
005 —+ —+ - 
1.48 0.77 1.23 
| | 
- - 0.00 0.002 
| 
Eg pra 530 pps trace trece 
NaS 
58.25 


L 
40 60 
WEIGHT PERCENT 
Fig. 15. —— in the System 
a 


The 


the 


lead and zinc. 
particular 


such metals as iron 
heavy metals im give 
product a reddish cast 

The decomposer used by the I. G 
(Fig. 31) is simply a 
jacketed steel pipe, and the flow of poly 
sulfide and amalgam is concurrent (29) 
While this device has the advantage of 
simplicity, the reduction is not as com 
plete as in the Mathieson compartment 
ized reactor. Iron and mercury pick-up 
is also higher. In Italy, the tower de 
composer of the de Nora type is used 
The rubber lined and has a 
ceramic packing. One section is suth 
cient for making 30% Na,S but two 
sections are required for (0) 


tower 15 


/ NBD SO, 


ELECT@OLYTE Chur 


SPENT 


Typical analyses of sodium sulfide 
produced by the amalgam process are 
given in Table 5. 

There is an interesting application of 
amalgam cells in connection with the 
production of bleached Kraft pulp. The 
cooking liquor consists essentially of a 
solution of sodium sulfide and caustic 
soda. The black liquor from the di- 
gesters is evaporated to about 60% solids 
and is then used as a fuel for the recov 
The smelt consists essen- 
tially of sodium sulfide and sodium car- 
bonate. This is dissolved to torm green 
liquor, and the latter is causticized with 
lime to form white liquor. Make-up 
losses of Na,O and S from the system 
are supplied by the addition of salt cake 
to the concentrated black liquor. This 
salt cake is reduced to sodium sulfide by 
the carbonaceous matter in the black 
liquor in the recovery furnace. From a 
technical standpoint, it would be better 
to furnish this make-up as sodium sul- 
fide added directly to the white liquor. 

In bleaching the brown stock, chlorine 
gas is used for the first-stage chlorina 
tion, and this is followed by an extrac- 
tion with caustic soda. 
bleaching require calcium hypochlorite 
which im turn requires chlorine and lime 
for its preparation. The total chlorine 
requirements of the process greatly ex 
ceed the total caustic soda requirements. 
If, now, the chlorine is produced in the 
amalgam-type cell, it is possible to pro- 


ery boilers 


Later stages of 


duce the necessary caustic soda in one 
group of cells and to produce sodium 
sulfide in the other group of cells. By 
this means it ts possible, in many cases 
to balance out the total 
total alkali requirements 

of this, of course, depends upon the 
relative cost of salt cake delivered at the 
pulp mill, and the cost of sodium sulfide 
as produced in the amalgam process. In 
savings 


chiorme and 


The economics 


many imstances considerable 


FRTER PRESS 


Fig. 16. Flow Sheet for Sodium Hydrosulfite Manufacture. 
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could be obtained from the use of the 
amalgam process. 


Sodium Hydrosulfite from Sodium 
Amalgam. Hydrosulfite is usually made 
by the reaction between sulfur dioxide 
and zine dust. The zine hydrosulfite 
thus formed may be used, for example, 
in the bleaching of groundwood pulp, or 
it may be converted to sodium hydro- 
sulfite by double decomposition with 
caustic soda. It is obviously possible to 
substitute zinc amalgam for zinc metal 
in the production of zine hydrogsulfite. It 
is also possible to use sodium amalgam 
for the production of sodium hydrosul 
fite directly without going through the 
intermediate zinc compound. Such a 
précess was operated at Leverkusen, 
Germany, prior to 1930. A schematic 
flow sheet is shown in Figure 16 (2). 

The sulfur dioxide is dissolved in a 
circulating stream of sodium sulfite so 
as to maintain the pH of the solution 
between 5 and 7. The proportion of 
Na,SO, to NaHSO, is about 1 to 10. 
The solution is then contacted with the 
sodium amalgam in a reactor such as is 
shown in Figure 3/ 
essential, and the temperature must be 
maintained at 40° C. maximum. Concen- 
tration of hydrosulfite is allowed to 
build up until crystals of Na,S,O,- 
2H,0 form, and these are removed more 
or less continuously in a filter press 
The dihydrate crystals are then dehy 
drated by heating rapidly to a temper 
ature of about 60° to 65°, after which 
are filtered, washed with alcohol, 
The reactions 


(Good agitation is 


they 
and dried under vacuum 
are 


2 NaHSO, + 2Na( Hg) 
+ 2NaOH + (Hg) 
(13) 
4 NaHSO, + 2Na( Hg) 
Na,S,O, + 2NagSO, + 2H,O 
(14) 
2 NaOH + 2NaHSoO, 
2 Na,SO, + 2H,0 
(15) 
Na SO, + SO, + H,O = 2 NaHSO, 
(16) 
Che over-all reaction is simply 
2 S80, + 2 Na(Hg) 
Na,S,0, + (Hg 
(17) 
The final product is slightly contamin- 
ated with mercury and may contain up 
to 0.002% Hg. This fact may render 


the product useless for photographic 
purposes, but would not be objectionable 
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Fig. 17. Flow Sheet for Sodium Chlorite Manufacture. 


for use in the reduction of vat dyes or 
in the bleaching of groundwood pulp. 
An over-all yield of about 70% is 
claimed. 

It is obvious that zine hydrosulfite 
can be produced from zinc amalgam and 
sulfur dioxide by a similar process (19) 


Sodium Chlorite from Sodium Amal- 
gam. Sodium chlorite is ordinarily 
made by the alkaline reduction of chlor- 
ine dioxide with such agents as carbon 
black or zinc dust. A recent patent by 
Sevén and Sundman (27) describes the 
use of sodium amalgam for this purpose. 
The reactions are: 


C10, + Na( Hg) NaClo, + (Hg) 


(18) 
2 NaClO, + (H,SO,) + SO, 
Na,SO, + (H,SO,) + 2 ClO, 
(19) 


ClO, gas may be generated by the re- 
action of sulfur dioxide with an acid 
solution of sodium chlorate in the man- 
ner described by Holst (16), or by Cun 
ningham (33). The ClOg, diluted with 
several times its volume of air, is then 
absorbed in water and contacted with 
the amalgam at room temperature. So- 
dium chlorite forms and the solution is 
recycled through the chlorine dioxide 
absorber until sufficient strength of 
sodium chlorite is built up for recovery 
purposes. The solution must be main- 
tained on the alkaline side; for example, 
0.1 normal NaOH. Chlorite is finally 
recovered by evaporation of the solution. 
The process is illustrated in Figure 17. 


Organic Reductions with Sodium 
Amalgams. An enormous amount of 
effort has gone into attempts to use elec 
trolytic methods for organic reductions 
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and oxidations. Most of these attempts 
may be classified under the heading of 
reactions at a solid electrode. In nearly 
all cases such methods require the use of 
porous diaphragms to separate anolyte 
and catholyte solutions. In only a few 
instances have such processes met with 
commercial success. On the other hand, 
reductions by means of metallic amal- 
gam have received much less attention. 
Only in recent years has the polarograph 
been used to study organic reductions, 
and even so merely as a tool for analysis. 
Polarographic studies, however, point 
the way to a large class of organic re- 
ductions that might be carried out by 
the use of sodium amalgam. A few in 
stances of commercial processes depend- 
ing upon sodium amalgam will now be 
discussed. The general reaction for 
organic reductions with sodium amal- 
gam is as follows: 


Na(Hg) + H,O = NaOH 


+ H* + (Hg) (20) 


Thus the sodium amalgam in contact 
with water is a producer of nascent 
Nascent hydrogen, in a 


hydrogen, H*. 


ELECTROLYTIC CELLS 


MERCURY 


reactive state, is then available for such 
reductions as the following: 


H* +R:0 = R-OH (21) 
8H*+2R-NO, = RN:NR+4H,0 


(22) 


2H* + RN: NR = RNH-NHR 
(23) 


It must be pointed out that the use 
of sodium amalgam in this manner does 
not avoid the production of caustic soda, 
so that in this sense it is not a complete 
solution to the problem of making 
chlorine without caustic soda. The 
caustic soda produced as a by-product, 
however, is generally impure, and it is 
not likely that this would appear as fin 
ished caustic for market; on the other 
hand, it could be used for many pur 
poses by the chlorine producer in his 
own plant. 


Reduction of Nitrobensene. 1. G. 
Farbenindustrie at Leverkusen (10) 
operated a plant for the reduction of 
about 3000 kg./day of nitrobenzene to 


AZOBENZENE 
WASHER 


Fig. 18. Flow Sheet for Azobenzene Manufacture. 
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Fig. 19. Principle of Mathieson Process for Hydrogen Peroxide. 
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small 


szobenzene with sodium amalgam. It oxvbenzene, hydrazobenzene and a 


batch carried out m amount of aniline are formed as 


30,000 amp 


“was a process 


commected t by products 
Phe 
converted to benzidine | 
Lhe 


equ ition 


pect il reactors 


azobenzene is illustrated in flow sheet 


The process 
18 


amalgam chlorme cells 


was ther vy the in Figure Nitrobenzene ts reduced 


sual methods reaction proceeds in aqueous suspension with sodium 


to the 


+8 Na(lle N:N CaH, +8 NaOH+ (He) 


(24) 
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Fig. 20. Flow Sheet for Hydrogen Peroxide. 
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amalgam at about 100°C. in a nickel 
reactor provided with a cooling jacket 
The amalgam is supplied by an alkali 
chlorine cell and the depleted amalgam 
is recycled to this cell. After the re 
action is over, the mixture ts run into 
tanks where it separates 
into two layers. The upper layer 
azobenzene and the lower layer is an 
impure caustic solution 
about 50% NaOH. After 
the azobenzene layer is washed in hot 
water, and the caustic soda solution is 
purified with chlorine. The latter is not 
of standard purity, but can be used for 
many purposes, for example, in the 
manufacture of fluorides. The process 
is alleged to be cheaper than the zinc 
dust-reduction method, 
and 50% caustic soda are simultaneously 
produced 


heated steel 


contamimng 
separation, 


since chlorine 


The product of the process analyzes 
im per cent as follows 


80 
9.10 


Azobenzene 
Azoxybenzene 
Hydrazobenzene 
Aniline 


Such a product is suitable for the prep 
aration of benzidine; the only detrimen- 
tal side reaction is the aniline formation 
trouble this ot 


operation is the tendency to form emul 


One inherent in type 


sions between organic and aqueous 


Another trouble is the occasional 
of mercury and 
“butter 


layers. 
formation emulsions 
mercury 

Other reductions carried out success 
fully by I. G. Farben in the same equip 
ment include the reduction of azobenzene 
to (Yield, 82% ot 
substituted anthraquinone to the hydro 


hydrazobenzene 


quinone; of substituted nitrophenol to 
the aminophenol; and of substituted di 
phenvlethylene to the diphenylethane 


PEROXIDE 


waci 
4 
NalMg 
OM 
azo 
ee 
| 
30% HYDROGEN 
| 25% CAUSTIC | 
oan 
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Production of Hydrogen Peroxide by 
Para Azotolucne Process. A’ few years 
ago the Mathieson Chemical Corp 
worked out an ingenious process for the 
production of hydrogen peroxide (24) 
It makes use of an organic intermediate, 
which is alternately reduced with sodium 
amalgam to produce a hydrazo com- 
pound and then oxidized with oxygen 
gas to produce hydrogen peroxide. The 
principle of the process is illustrated in 
Figure 19. The organic azo intermediate 
used is para azotoluene-hydrazotoluence. 
This is dissolved in a suitable solvent 
such as ditolylethane. This particular 
solvent was chosen because of its low 
volatility, high flash point, complete 
unreactivity, solvent power for the in 
termediate, specific gravity such that it 
can be separated from the caustic soda 
solution and peroxide solution, and a 
favorable distribution constant, so that 
the peroxide formed may be extracted 
with water to produce concentrated 
hydrogen peroxide solutions. 

The azotoluene is produced 
from nitrotoluene by amalgam reduction, 
and the ditolylethane solvent may be 
produced from acetylene and toluene, as 
described by J. S. Reichert (34). 

A schematic flow sheet of the process 
is shown in Figure 20 


easily 


This process (known as the Mathieson 
PAT process) is capable of producing 
hydrogen peroxide of satisfactory sta 
bility in strengths up to about 50% 
H,O,, directly, without distillation. For 
any chlorine producer having an amal 
gam-cell type of plant, the additional 
equipment for producing the peroxide 
would represent a minor investment. It 
is alleged that the 
peroxide by this process is much lower, 
perhaps one half, than the cost by known 
persulfate processes 

One possible application for the PAT 
peroxide process is in the bleaching of 
making lighter 
There is potentially 


cost of hydrogen 


groundwood pulp for 


newsprint a large 
market for hydrogen peroxide or sodium 
peroxide for such use, but the present 
delivered cost of these peroxides has 
retarded industrial acceptance. For those 
pulp and paper companies who manu- 
tacture sulfite or sulfate pulp in the same 
general locality as groundwood pulp, it 
would seem possible to balance the 
chlorine and alkali requirements for the 
bleached chemical pulp against the per 
oxide requirements for the mechanical 
pulp 

Miscellaneous Reductions. The re 
duction of quinone and various substi 
tuted quinones to the corresponding 
hydroquinone has already men 
tioned. I. G. Farbenindustrie has 
conducted experiments on the reduction 


been 


also 


of oxalic acid to glyoxylic acid with 


some degree of success. The reduction 
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Fig. 21. Flow Sheet for Pure Zinc from Zinc Amalgam. 


of ketones such as acetone to pinacone 
by the use of sodium amalgam is well 


known. While the foregoing reductions 
have been demonstrated, so far as can 
be ascertained, they have never been 


carried out on a commercial scale. We 
must recognize, however, that organic 
reductions with sodium 
potentially an important tool for the syn 
thetic organic chemical manutacturer 


amalgam are 


Amaigam Metallurgy. Amalgam me- 
tallungy may be defined as that branch 
of metallurgy which makes use of met 
cury for the separation and winning of 
metals from mixtures such as occur in 
the ores, in the concentrates or rejects 
from hydrometallurgical operations, im 
the various stages of smelting opera- 
tions, in electrolyte solutions, or in metal 
scrap Methods recently 
worked out m Germany and Austria 
which appear to be simple, effective and 
cheap; and which yield metals of a 
purity heretofore unobtainable by any 
other means. A comprehensive review 
of this new amalgam metallurgy was re 
cently written by von H. Hohn (75). 
The physical basis for amalgam metal- 


have been 


lurgy depends upon the properties of the 
various metallic amalgams which were 
discussed earlier in this paper. Some ot 
the practical accomplishments will now 
be discussed. The new technique is of 
such wide applicability to metallurgical 
problems that the writer ventures to pre- 
dict it will have great industrial impor- 
tance. The 
chlorine coincidentally with the metals 
is a point that is pertinent to the general 
problems of the imbalance between the 
markets for chlorine and caustic soda 

Typical equipment developed for 
amalgam metallurgical purposes is 


possibility of producing 
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shown schematically in Figures 2C ane 
3B 


Recovery of Zine (99.999%) and Chior 
ine from Leach Solutions of a Chloridise 
Pyrite Cinder. in Germany, the Duis 
burger Kupferhitte is in the business o 
recovering metal values from pyrite cinder 
collected from German and foreign sulfuric 
acid plants. The cinders are crushed and 
then roasted with sodium chloride at 1100 
to 1200° C. This forms water-soluble salts 
of the nonferrous metals and leaves the irow 
as FeO, Gases from the roasting operatiot 
are washed with water forming a dilute ace 
solution containing HC], H,SO, and H,SO. 
The roasted cinder is leached with this act 
liquor. The leach liquor is treated for re 
covery of metal values and the remamin 
iron oxide (purple cinder) is sent to blas 
furnaces for making pig iron (11) 

The leach liquor contains the followin 
metals in solution in order of decreasin 
magnitude: Zn, Na, Mg, Al, Ca, Pb, Cd 
Tl, Ni, Ti, Cu, Co, Mn, Sr, Sn, Ba, and Fe 
Originally the copper was much higher, bu 
as flotation methods came to be introduce¢ 
the copper content became poorer and th 
zinc content richer. It became no longet 
profitable to recover copper by smelter 
methods. Further, it was impossible to re- 
cover electrolytic zinc by the electrolysis of 
the neutral chlorine solutions containing so 
wide a variety of impurities. Theretore 
Duisburger Kupferhutte had to develop a 
new method for recovering the values in the 
raw material, or else go out of business 
Thus amalgam metallurgy was born 

It is, of course, necessary to make some 
preliminary separations in order to prepare 
a suitable zinc electrolyte. The leach liquor 
is treated with scrap iron to remove copper 
The solution is evaporated and crystallized 
to remove sodium sulfate. Iron is removed 
by oxidation with air and precipitation with 
lime at a pH of 4.5. The filtered solution is 
next oxidized with chlorine and the pHi ad 
justed to 5.5 with lime for the removal of 
cobalt and manganese. Finally, the solution 
1s contacted with zinc amalgam for the re- 
moval of lead, tin, cadmium and thallium 
These latter metals can be recovered from 
the amalgam in a subsequent process. The 
final solution contains 120 g/l. NaCl and 
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Pig. 22. Electrodeposition of Pure Lead and Pure Zinc from Mixed Electrolyte. 


te 70 Zn as at a pH of 
mut 6. It is electrolyzed in a rotary ver- 
al chlorine cell, of the Honsberg type, to 
‘oduce a 244% zinc amalgam and chlorine 
s Spent clectrolyte, still containing 
wut 20 g/l. of Zn, is sent back to the 
ching plant. The zinc amalgam then is 
# to a metal cell (also a rotary vertical 
») in which it forms the anode, The 
trolyte used is a solution containing 100 
HSO, and 8 Zn. Zine is 
sited from this solution on aluminum 
heodles. The zine is stripped twice a day 
m the aluminum cathodes, and is said to 
¢ a purity of 9.99% Zn. During the 
pping operation, the metal cell is short- 
wited, but the amalgam cell continues to 
rate. This causes the electrolyte im the 
al cell to build up in zinc concentration 
to decrease in sulfuric acid concentra- 
». To restore the original conditions, a 
tion of the electrolyte is withdrawn and 
trolyzed in a Taimton cell which has lead 
les, About five Tainton cells are re 
red for 9S amalgam cells (see Fig. 21) 
he current efficiencies of the metal cell 
ng higher than that of the amalgam cell 
amalgam-cell current is 24,000 amp., and 
t of the metal cell, 21,500 amp. Since 
each amalgam cell is in circuit with one 
metal cell, it is necessary to dissipate 2500 
amp. through a water-cooled rheostat. (nly 

this means is it possible to maintain the 
7 concentration in the amalgam between 
Zand 25,% 

Voltage of the amalgam cell ranges from 
2.6 tor new anodes, to 3.7 for worn anodes 
current efficiency, about 85%; hydrogen im 
chlorine, 0.2% ; graphite lite, | vears. In 
the metal cell a current density not more 
than 1200 amp./sq. meter is used, and the 
cell voltage is about O8 v. Current effi 
crency ts about 95%. Therefore the over-all 


current efficiency with respect to zinc ts 
BO%, and the er-all voltage tor the cell 
group will average 4 

As betore stated, the metals more 


noble than zinc particularly « 
thallium and lead, can also be separated 
by amalgam metallurgy by a combina 
tion of phase exchange and electrolytic 
methods, In addition to the Duis 


above 
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burger is reported to have developed a 
process for pure manganese, which in- 
volves a phase exchange between man- 
ganese chloride and sodium amalgam to 
produce manganese amalgam. The latter 
is then distilled, leaving manganese of 
extremely high purity 


Recovery of Spectroscopwally Pure 
Lead, Pure Zinc, Copper Salts, Silver, 
and Sulfur Chloride from Maubacher 
Colored Sandstone. Recovery of the 
values in such a raw material 
by conventional methods involving flota- 


various 


smelting, chemical bene- 
would be difficult indeed. 
An amalgam metallurgical process has 


thon, roasting 
heiation, etc 


heen devised which is a neat solution to 
the problem (15). The methods are too 
complicated to discuss here, but it is sut- 
ficient to say that it involves the use of 
chloride 


electrolysis, phase-ex- 


change reactions between zinc and lead 


umalgams, between lead and copper 
amalgams, and the electrodeposition of 
zinc and lead from their respective 
amalgams. All operations are carried 
out at low temperatures. A schematic 
flow sheet showing the separation of 


lead from zinc is shown in Figure 22 
There are many other applications of 
amalgam metallurgy, for example, the 
aluminum 
iron and silicon, such 
as produced by the reduction of bauxite 
clay with ferro silicon 


recovery of pure from an 


alloy of alummum 


and the recovery 
of aluminum and zine from scrap. There 
is also the possibility of preparing alloys 
in mercury from they 
can be recovered by distillation, crystal 
Powdered 
mold- 
ing can also be prepared in some in- 
We have given particular em 


solution which 
hzation, or electrodeposition 


metals suitable for compression 


stances 
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phasis, however, to 
which involve the simultaneous produc- 
tion of chlorine and metal. 


Production of Titanium and Zircon- 
ium by Reduction of Chlorides with 
Amalgam. Production of pure ductile 
titanium and zirconium metals is the 
subject of much study and development 
at the present time. Titanium metal can 
be produced by electric furnace methods, 
but the product is not of sufficient purity 
to be usable as such. It must be purified 
further, for example, by the iodide 
method. It is possible to produce com- 
paratively pure metal by the reduction 
of the tetra chlorides of titanium and 
zirconium by the direct action of these 
vapors on molten metallic magnesium 
or sodium. Such processes as these have 
been investigated by the U. S. Bureau of 
Mines, and the magnesium process is 
actually conducted by E. I. Du Pont de 
Nemours on a semicommercial scale. 

Metallic magnesium is apparently 
cheaper than metallic sodium for such 
chloride reduction. For example, the 
equivalent weight of magnesium is 12 
and the metal sells for $0.205/lb. The 
equivalent weight of sodium is 23 and 
the metal sells for $0.18/lb. It was 
pointed out earlier in this paper that 
metallie sodium can be made more 
cheaply from sodium‘amalgam than by 
the direct electrolysis of fused salt. Thus 
the ultimate choice of the reducing 
metal, from the standpoint of economics, 
has not yet been determined. There is 
the further possibility that sodium amal- 
gam itself can be used for the reduction 
of titanium or zirconium chloride. If so, 
the cost of metallic titanium and zircon 
ium would be still further reduced. One 
cannot help but feel that amalgam metal 
lurgy will in some way play a part in 
the development of these two new metals 

titanium and zirconium. 


Conclusions 


There is no sharp borderline between 
the helds of chemistry, electrochemistry 
and metallurgy. Processes which have 
been described for the utilization of the 
amalgam produced in an amalgam-type 
chlorine cell, involve problems of engi 
neering peculiar to all three fields. The 
subject matter is therefore of interest to 
chemical engimeers, electrochemical en- 
gineers and metallurgical engineers 

For the production of caustic soda one 
has the choice between the lime soda 
process, and the electrolytic process. 
Because of the increasing demand for 
chlorine in the United States, the elec- 
trolytic process is gaining in volume at 
the expense of the lime soda process 

For the production of electrolytic al- 
kali, one has the choice of either the 
diaphragm cell or the amalgam cell. In 
the United States the overwhelming 
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those processes 


Pe ELECTROLYTE 
CHLORINE CELL 
J “4. [> spent 
PURE ANODE S 
ON ALUMINUM RCURY 
& 


majority of installations are of the dia- 
phragm type; while in most other coun- 
tries the reverse is true. 

Since the market for chlorine in the 
United States is growing faster than the 
market for caustic alkali, the coinciden- 
tal production of electrolytic alkali is 
becoming embarrassing. In the case of 
the electrolytic amalgam-cell process, 
however, there is the opportunity of 
making products other than caustic 
alkali. In Table 6 are listed the weights 
of raw materials and products equiva- 
lent to 2000 Ib. of chlorine, for the var- 
ious processes. 

The potential market for these prod- 
ucts can not even be estimated. The 
extent to which amalgam-cell technol- 
ogy may influence the imbalance between 


chlorine and caustic soda is thus a matter 
of conjecture (21). There is no question 
but that in specific instances use of the 
amalgam cell would solve the problem of 
a local inbalance between chlorine and 
caustic soda. Some of the applications 
of the amalgam cell are still in their in- 
fancy ; great new industries may well be 
founded on its use. 
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Nain Co- DC inergy 

NaOH 2.250 Hp 56 32590 3300 

3,160 lp 56 rl &.500 3,100 

1.350 tg 56 Licl 2.500 34200 

3.040 56 iach 30500 34300 
2,220 

ik, 3.840 lip 56 34500 3300 
Colic 34900 
ctadilicer 22 

Nags 4 2400 30500 34300 
s 1,850 

NazS20, 32430 Nacl 30590 32300 
52700 
on 200 

NaClO> 4,700 0,100 32500 34300 

4.800 6,800 

30> 3200 
8,000 

Nang 30700 Nacl 34590 30300 
it, 1,010 

3 

He 800 2.250 Natl 34500 34300 

390 2.250 NaCl 32500 34300 
lis, 1,380 

2,040 1,460 WNecl 3500 30300 
2,040 

Na(Dist'n) 2,300 Nacl 3500 (35300) 
Coal 72300 

Na(Elect.) 1,063 NaOH 410 Necl 34500 4.830 
Ca 

Za 1,840 32900 34400 

Pb 5.830 an 3.900 3900 9400 
Pod 50850 

1.300 NaCl 3.300 30500 32300 
TiClo 200 

650 Nacl 3.300 Nach 32500 34300 
Tichy 2.700 
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ELECTROLYTIC RECOVERY OF CHLORINE 
FROM HYDROGEN CHLORIDE 


CHARLES P. ROBERTS 


Group Leader, Westvaco Chemical Division, 
Food Machinery and Chemical Corporation, 
Pocatello, Idaho 


Recovery of chlorine values from by-product hydrogen chloride by the 

Deacon process and by direct electrolysis is briefly discussed. An indi- 

rect electrolytic process is proposed which involves electrolysis in solu- 

tion of a polyvalent metallic chloride, such as cupric chloride, to produce 

chlorine and a reduced metallic chloride. The reduced metallic chloride 
5 is oxidized with air and hydrogen chloride and recycled to the electro- 
lytic step. Development of this process and plant requirements for 
commercialization are presented. Under the special circumstances where 
by-product hydrogen chloride is available and perhaps constitutes a 
isposal problem, where power is cheap and labor rates are no higher 
han average, where chlorine is in demand and the market for caustic 
oda is not particularly attractive, this process is believed to be the 
ost economical one known for producing chlorine. . 


JFYDROGEN chloride and hydro is complete at 450° C., leaving 25% 


chiorie acid are by-products of of the hydrogen chloride and the excess 
any wportant industrial processes, oxygen to contaminate the chlorine. The 
otably those involving substitution low quality of the product, need for ex 


hlorination of organic compounds tensive recycling of hydrogen chloride 
*‘roduction of this by-product acid the high temperature involved, and gen 


ormally exceeds demand. Many of eral complexity of the operation have 


yese processes are not profitable unles combined to discourage commercial ex 


alue can be received trom the by prod ploitation of the process The relatively 


t acid, and commercial exploitation of — recent development of low-cost oxygen 


any additional chlorination reactions makes it possible to reduce contamina 


ould be feasible if an economical tion of the chlorine by substitution of 


ocess were available for the recovery thes material tor air as a source ot 


chlorine values trom hydrogen chlor oxygen. However, this development has 
le. Furthermore, such a recovery prox not been sufficient to make the Deacor 
s would tend to reliewe the existing process a practical one 


fnbalance between chlorme and causty 


sarc Direct Electrolytic Process 
Deacon Proces The classical Dea The possibility of recovering chlorine 
con reaction for the oxidation of hwdr values from hyd ogen chloride by direct 
gen chloride to chlorine and water electrolysis of an aqueous solution ha 
represented by the following equation of course, been recognized tor many 
vears. The basic reaction involved car 
Cata be represented by the following equa 
Electrolysis 
2HCi — Cl, (2 
This reactor exothermn An active 
oxidation catalyst and a high temper This reaction has commercial posstbil 
ature are required for a practical rate ties and a substantial amount of develop 
of reaction The reaction proceeds t ment work has been done by the present 
equilibrium, resulting m contamination investigators during recent vears 
of the product chlorine with hvdrogen An clectrolytic cell is shown diagram 
chloride and oxygen (normally ar matically as a part of the simplified flow 
For example, with a 100% excess of sheet presented in Figure |. A concen 
oxygen, conversion of hydrogen chloridk trated hydrochloric acid is fed to the cell 
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on the cathode side of the diaphragm, 
percolates through the diaphragm, and 
flows past the anode. Generation of 
chlorine at the anode and hydrogen at 
the cathode partially depletes the electro- 
lyte, and a relatively dilute hydrochloric 
acid flows from the cell. The dilute acid 
is refertified with hydrogen chloride and 
recycled to the electrolytic cell. The pur- 
pose of the cell diaphragm is to prevent 
mixing of the chlorine and hydrogen, 
and with an efficient diaphragm, chlorine 
containing less than 0.19% H, and hydro- 
gen containing less than 02% Cl, has 
consistently been obtained. 

The electrolytic process overcomes the 
principal difficulty encountered in the 
Deacon process by producing a substan- 
tially pure chlorine. It also has the ad- 
vantages of moderate temperature and 
general relative simplicity. Although the 
direct electrolytic process is considered 
superior to the Deacon process, it still 
has a number of undesirable features. 
The problem of materials of construc 
tion for the electrolytic cell is a serious 
one. Power requirements for electrolysis 
are substantial, although considerabh 
less, of course, than in the case of elec- 
trolysis of sodium chloride to produce 
chlorine. In the electrolysis of hydro 
chloric acid, all power costs must be 
charged against a single product, since 
except under unusual conditions, the 
hydrogen must be considered a waste 
product 


Materials of Construction. Special 
materials of construction are, of course 
required for the ordinary handling of 
hydrochleric acid. Requirements for 
electrolysis accentuate the problem 
Graphite is the best anode material yet 
found. However, the graphite tends to 
often and develop a “punky” texture 
with time. After a few months under 
the conditions shown in Figure 1, the 
anodes become so soft that they can he 
gouged out with the fingers. Work t 
be discussed later in this paper gave 
results which indicate that this deter: 
oration may be substantially eliminated 
by proper control of electrolyte com 
position 

Graphite cathodes are not desirable 
for the direct electrolysis of hydre 
chloric acid due to the high overvoltage 
of hydrogen on graphite. However, use 
of graphite cathodes in Germany has 
been described by Gardiner (7). Cop 
per and silver have been tested as 
cathode materials, with only limited suc 
cess. Copper is rapidly attacked during 
any interruption in flow of current 
through the cell. Even under electrical 
load the copper tends to dissolve in spots 
and redeposit elsewhere in crystalline 
“trees.” Silver gives better performance 
but is, of course, much more costly 
Under electrical load, the acid leaving 
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the cell found to contain about 
0.5 mg. of silver/l. Upon interruption 
of the flow of current, the silver con- 
centration rose to as high as 225 mg./1. 
Use of silver cathodes would require 
careful protection from load interrup- 
tion 


was 


The diaphragm material is exposed 
to strong oxidizing and reducing condi- 
tions and a strang acid, all at a tempera- 
ture of about 80-90° C. It must be por- 
ous enough to permit flow of electrolyte 
without excessive pressure drop or elec 
trical resistance, but must not be suffi- 
ciently porous to permit the passage of 
gas bubbles or to allow surges of electro- 
lyte back and forth as a result of minor 
operating irregularities. Materials which 
have been tested include asbestos cloth, 
porous rubber, glass cloth, and glass 
cloth filled with barium sulfate. None of 
these materials was entirely satisfactory. 
A closely woven glass cloth (CSS-28, 
Owens-Corning Fiberglas gave 
best results. As pointed out, chlorine 
containing less than 0.1% H, and hydro- 
gen containing less than 0.2% Cl, were 
produced. Unfortunately, however, the 
glass cloth was gradually attacked by 
the electrolyte, losing as much as 45% 
of its weight in 21 days of operation. 
With deterioration of the diaphragm, 
the purity of the 
would be expected, eventually resulting 
in an explosion hazard the 
more recently developed highly resistant 
plastic materials might permit the fabri 
cation of a 


Co.) 


gases decreased, as 


Some of 


satisfactory diaphragm 
Successful use of polyviny! chloride in 
Germany has been reported (1). 

Power eth- 
have 


Requirements. Current 
substantially 100% 
been measured. This must necessarily be 
the case when any diaphragm is used 
which will give chlorine and hydrogen 
of acceptable purity. The 
sumption for electrolysis depends en 
tirely 


ciencies of 


power con 
therefore, on the voltage require 
tor the Using a graphite 
silver cathode, the glass cloth 
previously referred to, a 
100 amp./sq.tt., an 
0.75 in., and 
a voltage of 
Under these con 
ditions the power requirement for elec- 
trolysis is O.8 kw. hr 


ments cell 
unode a 
chaphragm 
current density of 
anode-cathode spacing of 
a temperature of SU” ( 

2.25 Vv. Was observed 


lb. of chlorine 


Metallic Chloride Process 
Frank S 


the work on electrolysis of hydrochloric 
acid, called to the attention of Westvaco 
the possibility of avoiding the principal 
dithculties encountered in the direct elec- 
trolysis by an 


Low, who had been active in 


electrolytic 
This process involves the elec- 
trolysis of a solution of a polyvalent 
metallic chloride to produce chlorine and 


indirect 
process 
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Fig. 1. Simplified Flow Sheet for Manufacture of Chlorine by Electrolysis of 
Hydrochloric Acid. 


a reduced metallic chloride. The reduced 
metallic chloride is oxidized with air and 
chloride to regenerate the 
oxidized metallic chloride, which is re- 
cycled to the electrolytic step The basic 
reactions involved in this two-step proc 
illustrated by the following 


hydrogen 


are 
equations 


Electrolysis 
2CuCl, ——— 2CuCl + Cl, 


(3) 
2CuCl + + 


~ 2CuCl, + H,O (4) 


Combining these two equations gives 


+ = Cla +H,O (5) 
This will be recognized as the familiar 
Deacon reaction. Equation 3 requires a 
relatively low voltage and Equation 4 
represents a exothermic 
reaction. 

Other 


could, of 


spontaneous 

metallic chlorides 
course, be substituted for 
copper chloride. The principal re- 
quirement is that the oxidation-reduc 
tion potential of the metallic chloride 
be such that the power requirement for 


polyvalent 


Equation (3) is not excessive and, at 
the same time, Equation (4) can pro 
ceed at a practical rate. Copper chlor 
ide is the preferred salt. Iron chloride 
is second choice, but has been found to 
be more difficult. to and no 
easier to electrolyze. Also, there is a 
tendency under some conditions for a 
small amount of hydrogen to be gen 
erated at the cathode during electroly- 


axidize 
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ferric chloride. In the 
chloride, the tendency t 
ward hydrogen formation is 
more serious. No hydroge 
has been found in 
cupric chloride 
copper chloride was used in substan 
tially all development work on th 
process 

Although equivalent t 
the Deacon the metalli 
chloride process has the advantage o 
producing chlorine in a pure form. TI 
gas 1s not contaminated by the forma 
tion of an equilibrium mixture as 1 


sis of case oO 
chromium 
muc 
trace of 
the 
For 


electrolysis o 


these reason 


chemically 
reaction, 


the Deacon reaction, and the nitroge 
is readil 
Th 


power req 


content of the oxidizing air 
kept separate from the chlorine 
the 
quirements are much less for Equatior 
(3) than for Equation (2) represent 
ing the direct electrolysis. No hydro- 
gen ~is contaminate the 
chlorine or to create a potential ex- 
plosion hazard. The absence of a sec 
ond gas in the electrolytic step simpli 
fies the cell and eases the materials-of- 
construction problem. Patents covering 
the process have been granted to F. S. 
Low (3) and other patent applications 
are pending 

Problems faced in the development 
of the metallic chloride process were 
basically: (1) to devise a cell and de 
velop operating conditions for electro- 
lysis and to provide corrosion-resistant 
materials, (2) to find a means of ox- 
idizing cuprous chloride with air at a 
practical rate, and (3) to provide for 
the removal of the water formed in 
Reaction 4 without loss of hydrogen 
chloride. 


voltage and therefore 


generated to 
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Fig. 2. Diagram of Experimental Cell 
for Electrolysis of Cupric Chloride 


Electrolysis of Cupric Chloride 


The basic elements of any electrolytic 
ll are: an anode, a cathode, an anolyte 
tholyte separator, and a cell container 
n arrangement of these elements which 
erved as an effective small-scale experi 
ental cell for the study of the electro- 


tic step is shown in Figure 2 


Anode Ordinary electrode-grade 
aphite (Grade AGN, National Carbon 
») was found to be entirely suitable 
r this application. Indications are that, 
th proper control of electrolyte com- 
sition, which will be discussed below, 
indefinite anode lite can be antici- 
ted. Graphite anodes which had been 
service for six months 
rns whatsoever of any change from 
They showed 
» change m weight, in water displace 
it, in electrical 
sual appearance 


showed no 
er original condition 


conductivity, or in 
During operation the 
lis showed no voltage trend, indicating 

absence of any significant change im 

surface characteristics of the elec 
xles. Such graphite anode permanence 
believed to be unique in electrolytic 


chlorine generation experience 


( athode 
found to be 


effective 


Graphite cathodes were 
and 
The 
fact that no hydrogen is generated in 
this the normal 
prejudice graphite cathodes. 
Matinum the other 
cathode material which would be prac- 
tical in this application, and there would 
appear to be no justification for the use 


equally permanent 


as the graphite anodes 
electrolysis elimmates 
against 


probably ts only 


of this relatively costly material 

Inolyte-Catholyte Separator. It is, 
to prevent reaction 
between chlorine generated at the anode 


ot course, necessary 


and cuprous chloride the 
cathode Use of 
phragms mounted between anode 


generated at 
conventional dia 
and 


cathode was first considered. The pri 


mary index of diaphragm performance 
is current efficiency. Diaphragms such 
as asbestos paper gave high current effi- 
ciencies of 4% but were ra- 
The 


diaphragm material problem was sub- 


or more 
pidly attacked by the electrolyte. 


stantially the same as in the case of the 
cell for direct electrolysis of hydro- 
chloric acid just discussed, 

By arranging the electrodes in a hor 
izontal position with the anode located 
above the cathode, an effective dia- 
phragm could be formed by placing a 
thin layer of granular material such as 
common sand or alundum sand 
over the entire cathode surface. High 
current efficiencies were obtained in this 
and the granular diaphragms 
showed no attack by the electrolyte. 
However, this arrangement of the elec- 
trodes imposed certain limitations on cell 
At high current densities the 
chlorine tended to blanket the horizontal 
anode excessively, resulting in a voltage 
penalty. The voltage drop across the 
diaphragm itself was also appreciable. 
In spite of these disadvantages, a gran- 
ular diaphragm of this kind might well 
be used if no more attractive alternative 
were available 


silica 


way 


design. 


It was found that the diaphragm could 
be eliminated altogether by using a por- 
ous graphite cathode, through the pores 
of which the electrajyte flowed at a 
fairly high rate, carrying the cuprous 
chloride away as rapidly as formed at 
the cathode surface. Use of electrodes 
of this type m other applications has 
been previously suggested by Heise and 
Schumacher (2). Recombination ot 
chlorine and cuprous chloride could not 
be completely prevented by this means. 
Hlowever, under the preferred operating 
conditions, current efficiencies as high as 
90° were obtained. By eliminating the 
diaphragm, the voltage drop across the 
cell was substantially reduced. It was 
found that this more than compensated 
tor the reduction in current efficiency, 
since the power requirement per unit of 
chlorine produced depends upon the 
product of voltage and current efficiency. 
Elimination oft 


diaphragm also 


greatly simplified cell design 


the 


The effectiveness of the porous cath- 


ode as an anolyte-catholyte separator 
was found to depend upon the porosity 
of the graphite employed, rate of flow 
of electrolyte through the cathode, and 
the current density. These 
three variables are closely interrelated 
The cathode material finally 
ifter studying a variety of 


was Grade 60 ( National Carbon Co.). 


cathode 


selected 


porosities 


Effect of Flow Rate. The effect of 
flow rate on current efficiency is shown 
in Figure 3. It will be noted that, for a 
given cathode porosity, current efficiency 
initially increases with increasing flow 
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rate, as would be expected due to im- 
proved sweeping of the cathode face. A 
maximum current efficiency is reached 
beyond which the current efficiency tends 
to decrease. The solubility of chlorine 
in the electrolyte is small, but at the high 
flow rates enough chlorine 
passes through the cathode to more than 
offset any further improvement im cur- 
rent efficiency resulting from the im- 
proved sweeping. 

The optimum flow rate for maximum 
current efficiency decreases as the por 
osity of the cathode is decreased. The 
maximum current efficiency increases 
appreciably with decreasing porosity. 
This trend does not continue indefi 
nitely; little advantage is observed tor 
cathodes porous than Grade 50. 
Porosities of the cathode materials re- 
ferred to in Figure 3 are shown in 
Table 1. 

Cell voltage is also influenced by the 
flow rate through the cathode, as shown 
in Figure 3. Voltage decreases with in- 
creasing flow rate initially, and finally 
tends to level off. Increasing the flow 
rate reduces the cuprous chloride con- 
centration at the active cathode face and 
increases the ratio of cupric to cuprous 
ions, both of which would be expected 
to affect the cathode potential in such a 
way as to reduce cell voltage. Since the 
power requirements for the cell depend 
upon the product of current efficiency 
and voltage, the optimum flow rate for 
minimum consumption falls 
slightly above the optimum tor maxi- 
mum current efficiency. 


dissolved 


less 


power 


Effect of Current Density. The volt- 
age drop across the cell depends, of 
course, upon the current density at which 
the cell is operated. 
for an experimental cell is shown im 
Figure 4. The exact slope of the curve 
will be influenced by the details of cell 
design and the extent to which parasitic 
It will 
be noted that voltage increases relatively 
slowly with increasing current density. 
The fact that no gas is generated at the 
undoubtedly 


This relationship 


resistances have been minimized 


cathode contributes sub 
stantially to this tavorable relationship 
The high conductivity of the electrolyte 
is also a contributing factor. 

It was found that current efficiency 
was appreciably increased by increasing 
This relation 
ship is shown in Figure 5. At the higher 
current densities a larger fraction of the 
cuprous chloride probably is formed 
within the pores of the graphite where 
sweeping efficiency is relatively high 

The increase in current efficiency 
with increasing current density tends to 
counterbalance the accompanying in- 
crease in cell voltage, thus minimizing 
the penalty in power consumption result- 
mg trom operation at high current den- 


cathode current density 
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Fig. 3. Effect of Flow Rate on Current 
Efficiency and Cell Voltage 


sities. This fact, coupled with the fav- 
orable voltage-current density relation- 
ship and the high cost of the corrosion- 
resistant cell parts, makes a high current 
density the most economical one. For 
the preferred cell design, which will be 
discussed below, the optimum current 
lensity was found to be about 400 amp. / 
=q. ft. of cathode surface. This is a much 
higher current density than is normally 
used in industrial electrolysis. Chlorine- 
caustic cells ordinarily operate at current 
densities in the range 60 to 80 amp./ 
sq.ft. 


Composition of Electrolyte. The opti- 
mum electrolyte composition was found 
to be about 15% CuCi,, 20% HCl, and 
65% H,0O, although the cell is operable 
over a wide range of compositions. The 
conductivity of the electrolyte tends to 
increase with increasing hydrochloric 
acid content, but at concentrations much 
above 20%, the partial pressure of hy- 
drogen chloride becomes sufficient to 
cause serious contamination of the 
chlorine with this material. Although 
the addition of cupric chloride to hydro- 
chloric acid causes a decrease in con- 
ductivity, cell voltage is actually de- 
creased slightly by increasing the cupric 
chloride content of the feed. This is 


TABLE 1.—PERMEABILITY OF POROUS 
GRAPHITE CATHODE MATERIALS 


Based on Water at 21°C. Through Plate 1-in 
Thick at 5 tb ‘sq.in 


Grade Permeability 
(National Carbon Co } gal oq.ft.) (min.) 
10 175 
50 ao 
60 

c 0.30 
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probably due to a favorable effect on 
the ratio of cupric ions to cuprous ions 
at the cathode. It is apparent that suffi- 
cient cupric chloride must be fed to the 
cell to provide for electrolysis without 
deposition of metallic copper at the 
cathode. In any practical case, the cu- 
pric chloride concentration will be sub- 
stantially above this minimum level, 
which depends upon current density and 
feed rate. 

More important than the effect of 
electrolyte composition on power re- 
quirement is the effect upon anode life. 
Using the optimum electrolyte composi- 
tion just indicated, no deterioration of 
the graphite anode of any kind could be 
detected, as previously pointed out. Ata 
hydrochloric acid concentration of 13% 
the anode softens and cracks at a rapid 
rate; the deterioration is accelerated by 
further decrease in acid concentration. 
The presence of cupric chloride in the 
electrolyte has a beneficial effect, the 
minimum tolerable acid content being 
decreased by increasing the cupric 
chloride concentration. Mechanisms to 
account for these effects have not been 
definitely established. At low acid con- 
centrations the electrolyte within the 
pores of the anode probably becomes 
depleted to the point where some oxygen 
is generated along with the chlorine. 
Any oxygen formed in this way will 
tend to oxidize the carbon. At higher 
acid concentrations the acid probably 
diffuses into the pores at a sufficiently 
high rate to prevent liberation of oxy- 
gen. 


Temperature. The preferred temper- 
ature range in the cell is 80-85° C. Fac- 
tors contributing to the selection of this 
range were: vapor pressure of hydrogen 
chloride, conductivity of the electrolyte, 
and solubility of chlorine in the electro- 
lyte. 


Cell Design. The all-important prac- 
tical details involved in designing a com- 
mercial cell, such as provisions for de- 
livering the electrical load to the gra- 
phite electrodes, feeding and distributing 
the electrolyte and removal of catholyte 
(cuprous chloride liquor), provision for 
escape of chlorine without back pres- 
sure, and the sealing of the various 
joints against penetration by the cor- 
rosive electrolyte, each presented pro- 
blems which have been satisfactorily 
solved with the possible exception of the 
last item. Numerous cell designs are, of 
course, possible. A compact and effec- 
tive design is shown in Figures 6 and 7. 

An important feature of the cell is the 
hollowed-out monolithic cathode, 12 in. 
tall and 36 in. long. These cathodes are 
alternated with graphite anodes, the 
number employed depending upon the 
desired capacity of the cell. Using two 
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Fig. 4. Voltage vs. Current Density 


cathodes and three anodes as shown im 
the figures, 10 sq.ft. of active cathode 
surface is available, giving the cell a 
capacity of 4000 amp. at 400 amp./sq.ft. 
The electrodes are held in the proper 
relative positions by two grooved Haveg 
end-plates, one at each end of the elec- 
trode assembly, and these are held in 
place by tie rods running the length of 
the cell as shown. The bottom edges of 
the electrodes are lightly plated with 
copper, and multiple heavy flexible cop 
per straps are soldered to the plated sur- 
face at intervals along the length ot 
each electrode to distribute the electrical 
load. These flexible straps are connected 
to the solid copper bus work shown in 
the figures. This relatively elaborate 
distribution system is necessitated by the 
high current density at which the cell is 
operated. 

The electrode assembly rests upon 
ceramic insulators in a sheet steel cell 
container. A molten sealing material 
such as asphaltic pitch is poured into 
the container in such a way as to rise 
around the bottom edges of the elec 
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Fig. 5. Effect of Current Density on 
Current Efficiency. 
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Fig. 6. Copper Chloride Cell, Section Through Short Dimension. 


thereby sealing the lower joints 
This first 
yortion of sealing material is allowed to 


trodes 
xposed to the electrolyte 
olidity, after which additional sealing 
naterial is poured into the space between 
and the cell 
ainer, filing this space and flowing over 
he Haveg cell 
orted by the 
eals the remainder of the 
ell. The electrolyte is 


electrode assembly con 


cover which is sup 
Phis 
n the 
fed to the cell 
pipe extending through 
Electrolyte flows 


hrough the walls of the porous cathodes 


outermost anodes 


jomnts 


rough a glas 
he cover at the center 
nto the hollowed-out portions, and from 
here through glass 
in the 
tant-level 


or Haveg pipe im 
sealing material to a con 
Chlorine 


overtlow device 


scapes from the cell through a second 


ass pipe mounted im the cell cover 


j CATHODE 
ANODE BUS 
GLASS FEEO 


HAVEG COVER, 


| 


This completely sealed construction 
would not be feasible where periodic 
rebuilding or repair of the cells was 
However, the graphite elec 
trodes and the Haveg end-plates give 
every indication of having an indefinite 
hte, and with an adequate sealing mater 
ial no periodic should be 
necessary to realize a reasonable cell life. 
\t present, no entirely satisfactory 
material has found, al 
though a variety of asphaltic materials 


required 


rebuilding 


ealing been 
and related substances have been tested 
After a months of operation the 
sealing materials tested have failed due 


tew 


to attack by the electrolyte, permitting 
the the 
graphite connections. The lower por- 


electrolyte to reach copper- 


tions of the electrodes have been effec- 


tively impregnated with Halowax (a 


GLASS Ciz 


GLass 
PIPES LIQUOR OUTLET 
\ 


rLIQUOR LEVEL 


>. 


* 


4 


Lvaves eno INSULATORS 


STEEL 


SMELL 


| HOLLOW POROUS GRAPHITE 
CATHODE 


Fig. 7. Copper Chloride Cell, Section Through Long Dimension at Center of 
Hollow Cathode. 
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chlorinated naphthalene) to prevent 
penetration of the electrolyte through the 
pores of the graphite to the copper con- 
tacts. Failure occurs only as a result 
of penetration through the surrounding 
sealing material. It is anticipated that 
a satisfactory sealing material wil! even- 
tually be found. 

An alternative design has been worked 
out im which the electrodes extend 
through the cell cover, permitting elec- 
trical connection at the top of the cell 
beyond the reach of the electrolyte. This 
alternative design has the disadvantage 
of requiring substantially more costly 
graphite per unit of cell capacity. It also 
requires more power due to the appre 
ciable voltage drop in the tall graphit 
electrodes. In view of these considera 
tions, the bottom-connected cell dis 
cussed above is to be preferred if an 
adequate sealing material can indeed be 
found. Many other cell configurations 
can, of coruse, be devised. A cylindrical 
porous graphite cathode mounted inside 
and with a cylindrical gra 
phite anode has been tested and found 


concentric 


to be an effective arrangement. Graphite 
costs in such a cell are, however, appre 
ciably greater than those for the plate 
type cell just discussed 

Figure 8 is a photograph of the elec 
trode assembly for a 4000-amp. cell of 
the preferred design. Figure 9 shows 
the completed cell in a pilot installation 
The outside container for this cell has 
the dimensions 19 in. by 47 in. by 19 in 
tall This cell 230 tb. of 


chlorine/day which makes it an ex 


pre uluces 


tremely compact chlorine-producing unit 

Table 2 shows the operating charac 
this cell. It 
that even at the extremely high current 


teristics of will be noted 
density employed, the power requirement 
of the cell is only O.8 kw.hr./lb. of 
chlorine. This ts low compared with 0.8 
kw.hr. /Ib. of chlorine 
trolysis of acid at 
amp. /sq.ft., and 1.3 kw-hr./Ib 
for electrolysis of 
about 70 
quirements of 


for the direct elec- 
100 
chlorine 


hydrochloric 
sodium chloride at 
sq.ft. The 
these three 


amp power re 
types ol 
chlorine-producing cells cannot be com 
pared at a current density of 400 amp 

not operable at 


since the two older processes are 
this level. At 
desirable current density of 100 amp 
sq.ft. the for the 
copper chloride cell is 0.4 kw.hr. /Ib.Cl, 
or halt the corresponding amount for 


the less 


power requirement 


direct electrolysis 

It will be noted that only about a third 
of the cupric chloride fed to the cell is 
reduced to cuprous chloride. This re 
sults from the fact that a high flow of 
electrolyte through the cathode is re 
quired for high current efficiency. It is 
substan 
than to a 


more economical to recirculate 
tial 


cept a lower current efficiency 


amounts of electrolyte 
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Oxidation of Cuprous Chloride 


It is well known that cuprous chloride 
can be oxidized to cupric chloride by air. 
In alkaline solutions this oxidation is 
fairly rapid, but in acid solutions, as in 
the present case, the oxidation is notor- 
iously The oxidation reaction it- 
self is rapid, but the passage of oxygen 
into solution is slow. 

In investigating means of oxidizing 
cuprous chloride at a practical rate, the 
reaction was carried out in several dif- 
ferent types of equipment including a 


slow. 


packed column, a liquid column into 
which the air was introduced through a 
porous diffuser, and a turbine-type gas 
disperser. The air-liquid contact ob- 
tained in the packed column was found 


to be entirely inadequate, a commercial 


column of extremely large dimensions 
being indicated. Using a porous diffuser, 
oxidation at a practical rate could be 
obtained only if the dimensions of the 
diffuser were such as to give extremely 
small air bubbles. A fine alundum dif 
fuser (Norton, RA-98) was 
found to give an acceptable oxidation 
rate. However, a tendency was noted 
for cupric chloride to crystallize in the 
pores of the diffuser (undoubtedly due 


Grade 


Fig. 8. Top View of Electrode As- 


sembly for 4000-Ampere Copper 
Chloride Cell. 


Vol. 46, No. 9 


Fig. 9. Completed 4000-Ampere Copper Chloride Cell in Pilot Installation. 


and 
it was felt that this might well prove 
to be a troublesome feature on a com 


to localized evaporation of water), 


mercial scale 

\ gas-dispersing turbine was found to 
oxidation and 
chosen as the preferred type of equip- 
ment. Figure 10 shows a typical batch 
curve using a turbine dis- 
It will be noted that the rate of 
oxidation 1s cuprous 
chloride concentration (as shown by the 
straight-line relationship) until the bulk 


give satistactory was 


oxidation 
perser. 
independent of 


of the cuprous chloride has been oxi 
Below a concentration of abou 
the rate of reaction is approxi 
proportional to the 
chloride concentration 


dized 
5 g./l., 
mately cuprow 
The oxidation was studied on a smal 
pilot plant scale. The principal variable 
influencing rate of oxidation were foun 
to be temperature superficial air velocit 
(based on total cross section of oxidad 
tion tank) and power input to the dist 
turbine. Substantially the ex# 
hal 


perser 
pected relationships were found. 
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Fig. 10. Batch Oxidation of Cuprous Chloride Using Turbine-Type 
Disperse 
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s, Oxidation rate increased with increas 


temperature, with mcreasing air 
elocity, and with increasing power in- 
ut 

The maximum temperature is limited 
the 
hloricde 
m¢ quantity of hydrogen chloride car- 
ied out by the oxidizing air becomes 
cessive 


vapor pressure of hydrogen 


At temperatures above 90° C. 


As previously pointed out, 
exothermic, 
a temperature rise ot 
eral degrees during the course of the 
oxidation 


oxidation reaction is 


sulting in sev- 
and 
power input depend upon an economic 
balance between equipment and 
power consumption. The preferred air 
velocity was found to be 400 ft. /hr. for 


Optimum air velocity 


costs 


TABLE 2. OPERATING CHAR 


Peed Rate, gal. br 

Peed Density, gal /( br.) (eq ft 

Feed Composition. Oupric Chleride, 
Hydrogen Chiorids 

Feed Temperature, * ¢ 


Coll Temperature, * 


Curreat, amperes 

Oathede Ourrent Density, amy 
Ourrent Fficiency, % 
Voltage Across Cell, + 

Power, kw.br tbh. ©) 


ft 


Chlorine Preduction, br 


E@uent Liquor Composition Cuprous Chloride, 


Cupric Chloride, 
Hydrogen Chioride 


excerr 


RISTICS OF 4000-AMPERE COPPER CHLORIDE 


CC! 40 


the straight-line portion of the oxidation 
reaction, and to decrease during the 
the reaction, 40 ft./hr. 
being sufficient at a terminal cuprous 
chloride concentration of 0.2 g./l. This 
concentration corresponds to reoxida- 
tion of 99.5% of the original cuprous 
chloride. Optimum power input to the 
disperser turbine was found to be 3250 
ft.lb./(min.)(cu.ft.) for the straight- 
line portion of the reaction, falling off 
to 1600 ft.Jb./(min.)(cu.ft.) for the 
later stages 

Based on the slopes of the batch oxi- 
dation curves, it was calculated that five 
stages would be required for a continu- 
ous proc ess 
reasonable 


remainder of 


using oxidation vessels of 


size, For a plant to produce 


CELI 


4000 


« 
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Flow Sheet for Copper Chloride Process to Produce 35 Tons of Chlorine Per Day. 


35 tons of chlorine/day, a liquid vol- 
ume at each oxidation stage of 3000 gal. 
is required. Figure 11 shows a flow 
sheet for a 35-ton /day plant, including a 
preferred arrangement of the oxidizers 

It will be noted that the hydrogen 
chloride serving as the raw material for 
the process is introduced to the system 
at the No. 5 oxidizer. This material 
could be introduced before oxidation has 
begun, but it is preferred to keep the 
hydrogen chloride concentration as low 
as practicable in the early oxidation 
stages in order to minimize the quantity 
escaping with the oxidizing air. Absorp 
tion of the hydrogen chloride results, oi 
substantial liberation of 
heat, but the quantity of electrolyte re- 
circulated is sufficiently large that the 
temperature rises only a few degrees. 
The solution is cooled to about 64° C. 
before being returned to the electrolytic 
cells, in order to control cell tempera- 
ture. 

Repeated reference has been made to 
loss of hydrogen chloride with the oxi- 
dizing air. Handling of the gases leav- 
ing the oxidizers will be discussed in 
the following section. 


course, mm a 


Removal of Water of Reaction 


As previously pointed out, water is 
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formed in the oxidation step according 
to the following equation. 


2CuC] + 2HCl + 40, > 
+ 2CuCl, + H,O (4) 


One mole of water is formed per mole 
of chlorine produced, or 0.25 Ib. of 
water/Ib. of chlorine. It is obviously 
necessary to remove this water from the 
system in order to avoid progressive 
dilution of the electrolyte 

With the preferred electrolyte com- 
position for best cell performance, and 
under the preferred operating conditions 
in the oxidizers, the spent air leaving 
the oxidizers carries somewhat more 
water out of the system than is formed 
during the oxidation step. Approx 
mately 0.35 Ib. of water /lb. of chlorine 
is removed in this way. This is not ob 
jectionable since it is simple enough to 
add make-up water to the system. How- 
ever, the spent air leaving the oxidizers 
also carries a substantial amount of hy- 
drogen chloride, corresponding to about 
22% of the hydrogen chloride entering 
the system as raw material. These losses 
must, of course, be recovered under 
ordinary circumstances. 

The ratio in the combined spent gases 
is about 0.63 Ib. of hydrogen chloride/ 
Ib. of water. A strong acid containing 
about 38% HCl can, therefore, be con- 
densed from these gases, and in some 
cases a market may be found for this 
material. In many cases, however, it 
will be desirable to return the hydrogen 
chloride values to the chlorine-producing 
system. 

The water cannot be separated from 
the mixture by distillation due to the 
well-known existence of a constant boil 
ing mixture. A number of schemes can 
be visualized for recovering the hydro- 
gen chloride content of the spent oxi- 
dizer gases while eliminating the water, 
but in general these schemes tend to be- 
come complicated and costly in practice 
The simplest process which has been 
considered so far involves dehumidifica- 
tion of the oxidizer gases with sulfuric 
acid, followed by absorption of the hy- 
drogen chloride content of these gases 
in a cooled portion of the main recircu- 
lating electrolyte stream. A suitable ar 
rangement of equipment for this purpose 
is Shown in the abbreviated flow sheet 
of Figure 11. 

The combined oxidizer gases pass to 
a packed column (No. 1) down which 
flows sulfuric acid of sufficient strength 
to remove approximately the desired 
quantity of water from the gases. This 
sulfuric acid is recycled through a 
vacuum evaporator, where the water 
taken up from the oxidizer gases is 
flashed off. This absorber-evaporator 


system is substantially adiabatic; intro 
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TABLE 3.— PROCESS REQUIREMENTS FOR COPPER CHLORIDE PROCESS 


Based on Chiorine Production of 35 Tons/Day 


Direct Supervision, Foreman ... 
Operating Labor, Men/Shift ...... 
Maintenance Labor, Avg. Man-hours day 


Maintenance Materiale—Cost Approx Equa! Maintenance Laber 


Hydrogen Chioride, ton/ton Che . 
Cuprie Chloride, Ib./tom Ob ... 
Sulfuric Acid, th./ten Cle ..... 
Pare Water, 1000 gal./ton Ole . 
Mill Water, 1000 gal./ton Obs . 
AC Power, kw hr./ton Ch .. 

DC Power, kw.br./tomn Cle ... 
Steam, tb./tomn Cle . 


duction of only a small quantity of heat 
is required to replace radiation losses. 
By operating at moderate sulfuric acid 
concentrations (75.0 to 76.5% H,SO,) 
many difficulties normally attending the 
concentrating of sulfuric acid by evapo- 
ration are avoided. A barometric con- 
denser and steam jet are employed to 
maintain vacuum in the evaporator. 
Hydrogen chloride is recovered from 
the dehumidified gas leaving the sulfuric 
acid scrubber in a second packed column 
(No. 2). Electrolyte is taken from a 
point in the system where the hydrogen 
chloride concentration is at a minimum 
(preferably between Oxidizers No. 4 
and No. 5), cooled with mill water to 
40° C. in a heat exchanger and intro 
duced at the top of the second column. 
Less than 1% of the hydrogen chloride 
entering the system as raw material is 
vented from the top of this column. 
The chlorine gas leaving the electro- 
lytic cells carries with it an appreciable 
quantity of water and hydrogen chloride 
Compositien of this gas is approximately 
86% Cly, 2% HCl, and 12% H,O on a 
weight basis. This gas is cooled and 
dried in conventional equipment of the 
type used for this purpdse throughout 
the chlorine-caustic industry. A large 
fraction of the water condenses in the 
cooler, carrying with it the hydrogen 
chloride content of the gas. This dilute 
acid is returned to the circulating sys- 
tem. The amount of water which might 
be removed from the system at this 
point is not enough to compensate for 
the water formed in the oxidation reac- 
tion, and it is therefore considered pre- 
ferable to remove all necessary water 
at the sulfuric acid scrubber. The cooled 
and dried chlorine is 99.5% to 99.9% 
pure and represents the finished product. 


Plant Requirements for Copper 
Chloride Process 


Reference has already been made to 
the flow sheet in Figure 11 for a plant 
to produce 35 tons of chlorine /day 
Based upon the information gained in 
experimental work on this process, the 
highlights of which have been present 
ed in this paper, and upon a consid- 
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erable 


in the 
field of industrial electrolysis, the op- 
erating requirements for such a plant 


amount of experence 


have been estimated. Basic quantities 
required for estimating processing costs 
are presented in Table 3. 

It is apparent that the actual process- 
ing costs will vary widely, depending 
upon the conditions existing at the site 
chosen for the plant. The principal fae 
tors influencing the cost of recoveri 
chlorine from hydrogen chloride by th 
process are: unit cost of power, lab 
rates, and the charges which must 
made for hydrogen chloride. 

Under the special circumstanc 
where by-product hydrogen chloride i 
available and perhaps constitutes a dis 
posal problem, where power is ches 
and labor rates are no higher than aver 
age, where chlorine is in demand an 
the market for caustic soda is not par 
ticularly attractive, the copper chloric 
process is believed to be the most ec 
nomical method known for producin 
chlorine. 
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AZEOTROPE OF 1,1-DIFLUOROETHANE 
AND DICHLORODIFLUOROMETHANE 
AS A REFRIGERANT' 


W. A. PENNINGTON and W. H. REED 


Carrier Corporation, Syracuse, New York 


N the designing of a refrigeration 
the first 
then 


design the equipment to fit the refrig 


system, if is customary, as 


step, to select a refrigerant and 


erant. However, in the work described 
here the 


ta machine to a refrigerant but rather 


main objective was not to 


> hit a retrigerant to an existing ma 
hine 

At the outset of this investigation, at 
rast three 
rigerants were apparent 


A retrigerant 
mto a 
breom-12 ¢t 
so that the 
will be 
rent is used 


distinct needs for new re 


which can be charged 


system, designed tur 
12) and 6O0-cycle current 
same retrigeration capacity 
available where SO-cycle cur 
\ reirigerant which can produce an 
evaporating temperature at least 10 to 
15° F. lower than that resulting in the 
use of F-12 in the 
the same condensing temperature 
with the 


machine with 
and 


A retrigerant with 15 to 25% increase 
m refrigeration capacity 
F-12 at the 

that 


power 


over that ot 
same operating tempera 
motors which do 


not now have complementary compres 


tures 


sors can be used with existing com 


pressors to get units with specific ca 


pacities not now available 
While there are three 
sible that a 

werant will itisfy all the 
ment In each case, the 
capacity must he 
effort centered 
solution of the 


definite needs, 


entirely px single re 
require 
retrigeration 
nereased so the initial 
sround an attempt at a 


problen where 50 cvele 
current ts emploved 


The 


decrease im trequeney from 60 


Complete 
New 
with the Amerika De 
Inst*tute, 1719 N Street, NW.) Washing 
tom Coptes can btamed bw re 
mitting SO cents for a merotim and $40 
for a 


Retriw ‘ dor 


to 50 cycles/sec. effects a correspond 
ing decrease in the speed of the motor 
and, of course, in the speed of the com 
pressor. A motor running at 1750 rev 
min, on 60-cycle current will change to 

1460 rev./min. where 50-cycle 
used If the 


two 


about 
current 1s retrigeration 
capacity for refrigerants is the 
same, where used at the two different 
speeds, it follows that the one used at 
speed will have about 20% 


than the other at the 


the lower 
higher capacity 
sane speed 

The then 
find a refrigerant whose capacity would 


primary objective was to 
be some 20% higher than that produced 


by } 12 


Search for a Conventional 
Refrigerant 


With the that the normal 
boiling point of the refrigerant had to 
range -—27.5 to F., it 
might be thought that one need only 
turn to some handy reference book, such 
as the Handbook of 
Physics and select, from a few hundred 


criterion 


be mm the 


Chemistry and 
compounds, a half dozen or so and be- 
them. He who approaches 
the problem in so hopeful a frame of 
shock. Table 1 
wives the data for all compounds, listed 
30th handbook 
which have boiling points close to the 
range F 

Out of more than 9000 compounds 
the list in Table 1 looks any 
thing but promising 


gin testing 


mind is in for a real 


in the edition of the 


27.5 to 


indeed 

cyclopropane 1s 
the only compound within gunshot of 
that desired. While its 
looks satisfactory 
und therefore would not be acceptable 


boiling point 


it is highly 


is a retrigerant 


With the 


where 


Virtures dearth of en 


couragement single compounds 


were considered, many mixtures wer 


examined and it was finally found that 


there is a constant boiling mixture of 
and = ounsyn 


it 


cdichlorod:fluoromethane 
metrical cifluoroethane which 
279° F. The 
in the trade as Freon-12 or F-12 
Genetron-100 or G-100 


former compound ts 
known 


the latter is 
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The azeotropic mixture for use in re 


frigeration has been named Carrene-7 


or C-7 

Samples for the early work on this 
binary system were made up of ingred 
rents contamimng some air, theretore the 
was found im 
23.5% by 


This value for a long time was 


azeotropic composition 
correctly to be 
G-100 
accepted as the azeotropre composition 
at 32° F., 
azeotrope contaims a greater amount ot 
G-100 The 
curve, determined with a series of three 
is so flat near the 


weight ot 


but it is now known that the 
pressure-concentration 


mercury manometers, 
peak that pressure could not be used to 
set the composition in the 
early work fact that the 
variation is no more than 0.25 Tb. /sq.in 
abs. throughout the range of 20 to 30° 
G-100 where the temperature is 32° F 
Faith then was placed in the chemical 


azeotropic 
due to the 


which were made by the gas 


method 


analvses 
density 

With refinements in technique, it ts 
possible now to use either pressure 
measurements or chemical analyses to fix 
the azeotropic composition. If pressure 
measurements alone are used, the com 
found 1.0% 


will this un 


position can be within 
reduce 
than 
perhaps to no more than 0.2 with the 
The 
refinements can be judged by the fact 
that F-12 


chemical analvses 


certainty to no more 0.59, and 


examination of sufficient mixtures 


purified by a technique re- 


TABLE PRESSURE CONCENTRATION 
IN 


Pi2 SYSTEM AT 42.0 


Vapor 


Appar 
ent Mole 


. 
rants COMPOUNDS WITH BO No 
POINTS NEAR Liquid Lb. Sq 
j Mix No. % 100 Wr G100 In. Abs 
1 10.02 1109 12.48 0.77 
Pentatucrom othe 15.01 107.65 17.81 51.95 
Cyrlopropane 44 22.53 1923 13 23.90 42.62 
Chieroethy ne 19 08 101.72 25.90 72 
652 101 43 26.33 52.71 
17 161.22 24.64 52.72 
2800 100.45 eT 47 52.89 
0.16 oo 48 29 22 52.63 
40 28 05.52 S45 51.97 
49.99 91.04 43.15 50.80 
en Qe “6 98 50.82 49.14 
19 To a8 82.09 61.06 46 90 
a0 02 77 20 TO RR 44.50 
90 07 Ta 41 6 
4 09 67 63 34 
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TABLE OF 
CARRE 


RENE-T (25.5% @-100) 


cently described (2) 
ot 10, an average of 44.76 Ib. /sq.in.abs 
at 32.00° F. No individual value dif- 
fered from the average more than 0.03 
believed a lower range of 
variation could be obtained with suit- 
able care 


gave, for a sample 


and it is 


G-100, purified in the same way, gave 
a pressure of 38.34 Ib./sq.in.abs. at 
32.00° F. and boiled at —11.5° F., 
where the pressure was 14.7 !b./sq 
in.abs. The normal boiling point calcu 
lated from the pressures at 32.00° and 
69.80° F. was —11.4° F 

In Table 2, the pressure-concentra 
tion relations for the system, F12-G100, 
can be found. Pressure values for the 
mixtures were obtained by adding the 
differential pressure to that of F-12 
taken from the kinetic chart. 

The data in 
to construct the phase diagram shown 
in Figure 1. One is immediately struck 
with the flatness of the rounded dome 
All mixtures containing from 20 to 30% 
(,-100 have pressures which do 
differ much more than 0.1 Ib./sq.in. 
from the average. This attribute is 
highly desirable for it means that the 
composition of Carrene-7 does not need 
In fact, the indica 
tion is that all useful refrigaloys * will 
this characteristic, if 


Table 2 have been used 


not 


to be precisely set 
have homoazeo 
tropic 


* This term has been coined to apply to a 
retrigerant made up of two or more com- 
pounds 


pressure (vesin 


TEMPERATURE (°F) 


-20 


40 


Fig. 2. Pressure-Temperature Relation of Carrene-7 


From Table 2 and Figure 1, one may 
take the azeotropic composition at 
32° F. as being close to 26% G-100 and 
74% F-12 with an expected accuracy of 
something like 0.5. 

All the test data pertaining to prac 
tical have been 
obtained for a mixture containing 23.5% 
G-100, The pressure of this mixture at 
32° F. is perhaps no more than 0.05 
Ib./sq.in. less than the maximum and, 


operations, however 


consequently, it may be just about as 
effective as the ideal mixture 

In making engineering tests, it has 
been desirable to have information on 
the pressure-temperature relationship of 
C-7. For the mixture containing 23.5% 
G-100, the data in Table 3 were found 


> 


PRESSURE (PsiA) 


0 20 


so 
6-100 


Fig. 1. Equilibrium Diagram F12-G100 System 
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by differential measurements. The in 
crease in pressure in per cent is a func 
thon of temperature may 
pressed as 


P 


and be ex 


17.43 + (1) 


where /’, is the increase in pressure in 
per cent and ¢ is degrees Fahrenheit. It 
follows that 

= (1.1743 + 000008331) 


(2) 


Strictly speaking, Equation (2) applies 


(ib. (ib. 
in. abs.) in. abs.) 6% crease 180 
32.0 52.70 72 
39.2 50 96 60.61 76 
464 57.75 RO 
53.6 64.70 76.30 93 
60.8 73.35 86.47 89 / 
96 04 ow 
ano | e604 / 
“o8 73.455 46 a7 
5a 6 “4.70 76.32 96 
464 $7.75 68.05 a4 
39.2 50 06 60 02 Ta 
a20 52.69 70 
| 
5 : 
| 
| 
3 
5 fs 
| 
S25) 
aN >” 
/ 
\ 
37 
° 30 40 90 100 
ee Fig. 3. The Calorimeter 
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to a mixture containing 23.5% G-100 
and was obtained before the latest re 
finements in technique were put into 
practice, The pressure-temperature re- 
lation may be compared to that of F-12 
in Figure 2 

An examination of Table 2 will 
quickly reveal that the composition giv- 
ing the absolute peak in pressure cannot 
readily be chosen. There is no single 
value that stands our. Another glance 
at Figure | will remind one of the flat- 
ness of the dome of the curve. One 
can, however, estimate the azeotropic 
composition by taking a central figure 
for a symmetrical portion of the dome 
From the table, it may be learned that 
a liquid containing either 22.53% or 
3.16% G-100 has a pressure right at 
52.62 Ib some O.10 Tb. /sq.in 
lower than the peak of the curve. The 
these two percentages 15 
G-100 and represents the 


in.abs., 


average of 
26.4% 


ropic composition as determined in this 


rude manner 
The 


lose to 


mixtures 
now be 
accurate 
Table 4 has been developed from 


analyses of 
composition 


chemical 
this 
sed to get 


can 
a probably more 
alue 
portion of the data in the preceding 
ble 

It is rather simple to deduce that the 
leal mixture-composition to complete 
25.04 


closer to the 


¢ table must be between and 


».05, probably 
igher value 


much 
If one could use propor 
honality im the differences so as to get 
composition corresponding to a differ 
mee of 0.00, the value of 25.8% G-100 
ould represent the azeotrope. On the 
vidence at hand, this value is accepted 
s being within at least no more than 


5% of the true valuc 


Betore 
1 better value for the azeotropic com 
quantitative tests 
ere carried out in two ways to estab 
sh the 
» 
fetrigaloy contamimng £3.95 


Refrigeration Capacity Tests 


sitlon was known 


retrigeration capacity of the 
G-100, A 
fetrigeration calorimeter with a 
compressor was used and also a 3-hp 
self-contained air-conditioning unit. In 
each case, the evaporating and conden 
sing temperatures were held at 40 andl 
108° F 

The calorimeter is shown in Figure 3. 
It is a refrigerant-type 
calorimeter of 12,000 B.t.u. /her 
and consists primarily of a direct expan 


respectively 


secondat 
capacity 
sion coil located im a caretully insulated 


TABLE 4 PERCENTAGE 
AZKOTROPTIE 


NEAR 
COMPOSTTION 


Liquid 


pressure vessel. Heat is applied to the 
primary refrigerant flowing through the 
direct expansion coil by means of elec- 
tric heater coils through the medium of 
a secondary refrigerant sealed in the 
vessel. The heater coils are controlled 
by a Mercoid switch actuated by a 
pressure bellows connected to the sec- 
ondary refrigerant, thereby providing 
direct control of the secondary refrig 
erant pressure, and indirectly the vem- 
perature of the primary refrigerant 
leaving the calorimeter. The pressure 
of the primary refrige;ant is controlled 
by a manual expansion valve 

The capacity is deter 
mined by measuring the heat input to the 
electric Accurate pressure and 
measurements determine 
the entering and leaving conditions of 
the refrigerant. A dynamometer is used 
in conjunction with the calorimeter to 
determine power input to the compres- 


compressor 


heaters 
temperature 


sor. The condenser is used to maintain 
high-side conditions, and to liquefy the 
primary retrigerant 

In the first comparison, the compres 
sor was run at a speed of 1600 rev. /min 
for both F-12 and C-7. The increase in 
refrigeration capacity varied from 16.7 
to 17.0% The C-7 was tested at 1330 
rev./min. to simulate a condition where 
a change may have been made to 50- 
urrent. The increase in capacity 
over that tor /-12, scaled down by pro 
portion from the 1600 rev./min. level, 
18.8%. In other there is 
greater efficiency as the speed is low 
ered 


cycle 


was words, 


In the tests involving the 3-hp. air 
conditioning unit, the compressor again 
was run only 5/6 as fast where the C-7 
There no discernibl 
difference in capacity of the two refrig 
the 
used in a machine with 50-cycle current 


was tested. was 


erants. In other words where 
gives almost the same capacity as F-12 
does in the same machine with 60-cycle 
current 
tor 


In all tests, the power required 


umit of reirigeration was prac 


treally the same 


Carrene-7 
other 


to be con 


Attributes of 
certainly 


General 


There are many factors 


than refrigeration capacity 


sidered before a new refrigerant can be 
Among these 


udopted for wide use 


factors are melting chemical 
stability 


rity 


point 
corrosivity, flammability, tox 


behavior with ols, as well as cer 


tain thermodynamic properties which 

contribute to efhicrency 

7 is probably 
this 


would doubtless be satistactory 


The melting point of ¢ 


us low as F-12 and for reason 
Chemical stability tests have been con 


ducted in manner by heating 
G-100 and C-7 in 
to have a reflux action continuously and 


Water 


rough 


steel cylinders so as 


periodically and sometimes air 
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was used along with a fairly large group 
of metals, including aluminum. 
maximum temperature was around 
150° F. There was no change in the 
amount of nongondensables nor was 
there any evidence of corrosion. 

In addition to the corrosion tests al- 
ready mentioned, a group of metals in- 
cluding copper, brasses, steel and alum 
inum was put in the vapor and liquid 
space on the high temperature side of a 
3-hp. air-conditioning system. The unit 
was run so that the superheated refrig- 
erant vapor was close to 200° F. There 
was no indication of any appreciable 
corrosion of the test coupons nor was 
there any trouble with the compressor. 

Genetron-100 itself is flammable, but 
all attempts to burn Carrene-7 where the 
percentage of G-100 was held as low as 
27% failed even when the refrigerant 
was preheated to some 300° F. No tests 
were made involving a higher percent- 
age of G-100 

No tests have been conducted in this 
laboratory on toxicity. However, it has 
been reported by Knapp (7) that the 
toxicity of Genetron-100 is intermediate 
11 and F-12 and probably 
somewhat closer to -12 since its acute 
toxicity is than that 
of F-11. There can be little doubt then 
that C-7 will meet the 
quirements from this standpoint 

Supplementary information is now be 
ing obtained through field tests and the 
program will be made more extensive as 


between F 


considerably less 


needs and re- 


the refrigerant becomes more plentiful 
It is not vet substantial 
commercial quantities 


available in 
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Flat-Blade Turbines. The flat-blade 
turbine shown in Figure 7 and detailed 
in Figure 8 is typical of radial flow 
turbines. 

Table 2 shows the many sizes of flat- 
blade turbines used and the various con 
ditions of environment studied. Data 
typical of the very large number of ex- 
periments performed are given in Table 
5 ior a 6-in. diameter six-flat-blade tur- 
bine in an 18-in. tank. Data are for op 
eration without baffles and also with four 
10% baffles. Summary data for all re 
sults with flat-blade turbines are given 
in Table 6. Data of Table 5 are all sum- 
marized in two lines of Table 6 for the 
6-in. turbine. 


Turbines Without Baffles. Figure 14 
shows a plot of the data of Table 5 and 
other data not listed. Correlation of data 
for operation without baffles (curve 4) 
is handled in the same way as outlined 
previously for propellers. When a tur- 
bine ts rotated in a liquid of low vis- 
cosity in a smooth wall vertical cylin- 
drical tank, the flow pattern is the same 
as for the propeller in Figure 3. The 
force of gravity plays a role in such fluid 
motion, and the Froude number is used 
to correlate data at Reynolds numbers 
above 300. For such Reynolds numbers 
Equation (5) can be used and the values 
of the exponent » for this and a 4-in. tur- 
bine may be computed from the data im 
Table 4. These values were computed 
from the experimental data. At low 
Reynolds numbers Curve 4 coincides 
with those for operation with baffles, 

t Part I of this paper appeared in the 
\ugust issue 

t Also Illinois Institute of Technology, 
Chicago, Ill 

Note: Table 2, Summary of Experimen- 
tal Operations, and Table 7, Data on Flat 
Six-Blade Turbines, 10% Baffles, are on 
file (Document 2860) with the American 
Documentation Institute, 1719 N Street, 


N.W., Washington 6, D. C. Data can be 
obtained by remitting 50 cents for a micro- 


film and 50 cents for photoprints 
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POWER CHARACTERISTICS OF MIXING IMPELLERS 
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and in the viscous range the slope ot the 
line is —1 and Equation (8) applies. The 
value of K can be found from Table 6 
as described above for the propeller. The 
shape of the curve is similar to that of a 
high pitch propeller (Fig.13), and it 
can be approximated by use of the ¢ 
value at the three characteristic RKey- 
nolds number points. 

The maximum power input that can 
be achieved with a turbine operating 
without baffles occurs when the vortex 
formed by the swirl just reaches the tur- 
bine. Hence, there is a limit to the 
amount of power that can be imposed in 
such a system (14). 


Turbines with Baffles. The other 
curves of Figure 14 show the effect of 
three different baffle widths. When bait- 
tles are used to prevent swirl and vor- 
tex formation the resultant flow pattern 
is as illustrated in Figure 6. This flow 
pattern has vertical and lateral flow cur 
rents that are desired for most mixing 
operations. Under these conditions 
much more power can be imposed by in 
creasing turbine speed than can be ac- 
complished in unbaffled conditions. Data 
are plotted with power number as ordi- 
nate; the data fall on single lines and 
show that Equation (6) can be used to 
correlate the data 

The shape of the baffled operation 
curves shows the typical viscous flow 
conditions at Reynolds numbers below 
10. As Reynolds number is increased, 
transition of flow takes place and the 
slope of the curve increases from —1 to 
zero. A minimum point in the curve is 
reached at Ny, of 200; such a minimum 
in the curves was found in the data for 
other impellers, as can be seen in the 
curves of Figure 15. The reference 
Reynolds number of 200 was selected as 
a characteristic because of this behav- 
ior. After the minimum the curves rise 
and the slopes of the lines have small 
positive values. The lines rise depend 
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ing on the width of the baffles as shown 
by curves 1, 2, and 3. For baffles 10% 
of tank diameter the curve reaches 
slope of zero at a Reynolds number o 
10,000 and remains so up to 1,000,06 
For the 4% baffling the curve rises only 
slightly above the minimum at Nx», o 
200. This curve reaches a slope of zer 
at a Reynolds number of 2,000 and re 
mains so far the remainder of the curve. 
Equation (10) applies to the turbulent 
range and the value of K is equal to @ 
at N», of 100,000 

All these curves can be approximated 
closely by knowing the values of the 
power number at the three characteristic 
Reynolds numbers of 5, 200, and 100,- 
OU. And the power number — Reynolds 
number curves can be drawn as outlined 
above for propellers. 

All data for flat-blade turbines are 
summarized in Table 6. These data cover 
turbine sizes from 3 in. to 48 in. diam- 
eter, and all (for the six-blade turbines ) 
are represented by the one curve, num- 
ber 6 of Figure 15. 


Other Impellers and Comparisons 
The study of various impellers is out 
lined in Table 2. Data for all of them 
may be correlated by the use of Equa- 
tions 5 and 6. Data are given in Table 6 
for the characteristic Reynolds 
numbers by which the @ = Ny, plots 
may be approximated. Typical curves 
showing the characteristics are given in 
Figure 15. Data used in these curves 
are for the same ratios of T/D, H/D, 
and C/D 

A comparison of the curves of Fig 
ure 15 will serve to show the differences 
in behavior of the various impellers and 
the equations which apply at the differ- 
ent Reynolds number ranges. The ac- 
tual vertical position of the curves is of 
less importance than the shape of the 
curve 


three 


fhe vertical location will vary 
with impeller shape, but it would be pos- 
sible to move any of the curves verti- 
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cally by changing impeller dimensions 
(other than impeller diameter) such as 
blade width and blade length 

All impellers gave data showing vis- 
cous flow conditions at Reynolds num- 
bers below 10. Equation (8) applies and 
A can be evaluated from Table 6 

All impellers when operated with baf 
fles or their equivalent give correlation 
curves of zero slope at high Reynolds 
numbers. Some reach zero slope and 
turbulent flow at lower Reynolds num- 
bers than others. In the range of zero 
slope, Equation (10) applies, and K is 
equal to the power number; it is the 
value ¢ at Ny, of 100,000 in Table 6 

When the are operated 
without baffles, the curves (for all data 


impellers 


herem reported) never quite reach a 
constant slope. Hence, the constants in 
Equation (4) are variable and little is 
gained by evaluating them for point con- 
ditions 
Between 


flow conditions and 


the final slope of zero in the turbulent 


Viscous 


range, there are transition ranges of va- 
rious lengths, There is little to be gained 
in evaluating the point-by-point con- 
stants of Equation (7) for this transi 
tion range, but the equation can be 
solved for P, if desired, by substituting 
the slope of the line for the exponent m 


Curves 1, 2, 3, and 4 give the charac 


teristics for the familar Marine-type 


three-blade propeller. The square-pitch 
propellers show the greatest range of 
between the Revy- 
nolds number extremes on the plot, e.g., 
for baffled operation N pe ot 
1 and 2, the (equivalent to 
\p) increases from about 0.2 to 20, o1 


power requirement 
between 
power 
hundred-told increase 


a one The higher 


pitch propellers have a_ considerably 
lower power range requirement than the 
lower pitc h propellers 
Curves 5 and 6 are for the six flat 
blade turbines and have been shown im 
Figure 14. These 
smallest spread in power over the Rey 
eg., for baffled 


Curve 5 between NV», of 10° 


impellers show the 


nolds number extremes, 
operation 
amd 2 shows a power increase from 6 to 
How 
ever, there is a minimum power number 
point of about 3.4 


35, or about a sixfold increase 


The fact that curve 6 has such a low 
power spread between the turbulent and 
extremes 1s Con 


viscous important 


sider a turbine operating in a liquid 
whose viscosity is one centipoise and the 
and diameter are such 
Reynolds number is 10° The 
number is 6.3. If the 
liquid and the 
diameter of the 
are held constant, an increase in viscos- 
Reynolds number. 


if the viscosity is imcreased 


density 
that the 
power 
ot the 
tation 


speed 


density 
speed of rm 
and impeller 
itv will decrease the 
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to ten centipoises, Vp, becomes 10° but 
the power number remains the same, 
namely 6.3. Thus, the power required to 
turn the turbine at the same speed re- 
mains constant. This is also evident 
from Equation (10) which applies to 
this range, since viscoscity is not a part 
of the equation. If viscosity is further 
increased, say to 100 cps., Vp, becomes 
10*, and the power number and power 
are still the same. When the viscosity is 
increased to 1000 cps., Np, becomes 10° 
but the power number is smaller, 4.3, 
and it actually requires less power to 
turn the turbine at the same speed. If 
the viscosity is further increased to 
10,000 cps., Ng, becomes 10° and the 
power number is 3.7, showing even less 
power required. Increasing the viscosity 
still further to 100,000 cps., Np, be- 
comes 10 and the power number is 7.5 
Here the power increases with viscosity ; 
this is also evident from Equation (8) 
which contains the viscosity but not the 
density, and this equation applies in the 
viscous range 

From this it is clear that a flat-blade 
turbine running at constant speed in baf- 


tled conditions can be operated in liquids 


ot widely different viscosities, from the 
lowest (at high Reynolds numbers) to 
very high values, without increasing the 
power requirement. For curve 6 the 
power does not increase from .\ re of 10° 
to Ny, of 15; this represents a very con 
siderable viscosity range. Thus, these 
impellers are adaptable to many fluids 
and may be used at constant speed with 
out tear of overloading the motor drives 
This phenomenon is referred to as a flat 
power characteristic; such a character 
istic 1s very desirable and is a function 
of impeller design and the amount of 
baffling 

It should be noted that there is a mini 
mum power occurring at a Reynolds 
number of 200 for the flat-blade turbine. 
If a turbine (or a paddle, see curve 10) 
is Operating at Vp, of 200, it is possible 
to imerease the power demand on the 
driving motor by increasing or decreas- 
ng the liquid viscosity, because the 
power number will increase for either an 
merease or a decrease of the Reynolds 
number. If the driving motor is operat 
ing at full load at V,», of 200, it will be 
overloaded and possibly will burn out if 
the liquid viscosity is changed. In the 
infrequent case where it is unavoidable 
to operate at \», of 200 the driving mo 
tor is usually sized to handle the power 
demand equiavlent to that at Vy», of 10° 
Comparing curve 6 with curves 2 and 
4 tor propellers it is seen that the tur- 
bine will operate without increase in 


power demand over the widest range of 
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viscosities ; the high-pitch propeller over 
a smaller range; the square-pitch pro- 
peller over the smallest range. 

The curved-blade turbine of Figure 9 
is characterized by curve 7 of Figure 15. 
This impeller has the same highly de- 
sirable flat power characteristics as the 
flat-blade turbine just described. Equa 
tions 8 and 10 apply at the appropriate 
ranges of the Reynolds number, as in the 
case of the flat-blade turbine. 

The arrowhead turbine of Figure 10 
is characterized by curve 8, Figure 15. 
This turbine has similar characteristics 
to the flat-blade turbine. Equations 8 
and 10 apply as for the flat-blade turbine. 

The fan turbine of Figure 2, made of 
eight blades, blade width 44 blade length, 
and blades set at a 45° angle, is charac 
terized by curve 9, Figure 15, and by the 
fact that it is an axial flow impeller, like 
the propeller, unless operated close to a 
tank bottom. It has almost the same 
power characteristics as the high-pitch 
propeller, and is not as desirable as the 
flat-blade turbine for adaptability to 
changes in liquid viscosity. Equation 
(8) applies at Reynolds numbers below 
10, and Equation (10) at Reynolds num- 
bers above 2000. Values of K may be 
computed from Table 6 

Curve 10 is for the flat-blade paddle 
(a single paddle having two blades). 
Phe length of the blade is one-half pad- 
dle diameter, and the ratio of the length 
of blade to width of blade is three. The 
paddle has good power characteristics. 
rhe spread in power number between 
the extremes of Reynolds number is 
however much larger than that for the 
flat-blade turbine. A minimum point in 
the curve occurs at Nx, of 200, just as 
for the flat-blade, curved-blade and ar- 
rowhead turbines. Equation (8) applies 
below Reynolds number of 10, and 
Equation (10) above Reynolds number 
of 3000, Values of K may be computed 
trom Table 6. 

The shrouded six-blade turbine of 
Figure 11 was used with baffles in curve 
11, Figure 15, and with a stator ring 
containing twenty blades in curve 12 
The ring for a 4-in. turbine was 4% 
in. 1.D., 636 in. O.D. and contained 20 
curved blades, each 134 in. high. The 
small blades attached to the stationary 
ring act as baffles. In this position the 
baffles are close to the impeller rather 
than at the tank wall. With wall baffles 
the shrouded turbine has power charac 
teristics much like the square-pitch pro- 
peller, although the flow pattern is ra 
dial and not axial like the propeller 
There is only slightly less spread in 
power number over the extreme range of 
Reynolds numbers than for the square 
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pitch propeller, and a greater spread 
than for the higher pitch propellers. 
Curve 12 differs noticeably from curve 
11 at low Reynolds numbers, but both 
curves coincide over a wide range and 
differ only slightly from curve 2 for 
the square-pitch propeller. It is evident 
that this shrouded impeller is not so 
widely adaptable as the other turbines 
and has the same limitations as the pro- 
peller. Equation (8) applies in the vis- 
cous range, and Equation (10) applies 
above a Reynolds number of 30,000. 

Curves 13 and 14 of Figure 15 are 
calculated from the data of Miller and 
Mann (%) and of White and Sumerford 
(18). These curves are in general 
agreement with the others. They com- 
prised data for operation without baffles 
and have the characteristic shape except 
that lines of constant slope were ob- 
tained and the Froude effect was not 
taken into account 


Effect of Fluid Properties and 
Variables 


Effect of Viscosity. The effect of vi 
cosity on power consumption ts not on 
dependent on the Reynolds number b 
also on the impeller shape and bafflin 
From previous discussion it is clear th 
the different impellers give different 
shaped Reynolds number  correlatic 
lines. The comparison curves of Figu 
15 show directly how viscosity can affe 
the power requirement for each impe 
ler when it is the only variable. Chara 
teristics as shown in lines like curves 
2, 3, 4, 5, and 11 indicate that as viscosi 
increases power consumption also 1 
creases and does so at increasing ra 
until the maximum in the viscous regic 
vhere Equation (8) holds 

There are impellers, however (curvy 
6, 7, 8, 9, 10), which can be operated » 
that an increase in viscosity causes no 
mecrease im power consumption over 
considerable range. Here Equation (10) 
holds. In fact, in some cases the re 
quired power actually decreases. Impel 
lers whose characteristics may be corre- 
lated by Equation (10) and which give 
curves like 6, 7, 8, 9, and 10 are said to 
have good viscosity tolerance. They are 
desirable for applications where liquid 
viscosity may vary widely. Low-pitch 
propellers or other impellers giving 
characteristic lines which slope in the 
turbulent range are less desirable for 
use if the viscosity is to be varied. 

Whenever the Reynolds number is 
less than 10, viscous flow predominates 
and power is directly proportional to vis- 
cosity as shown in Equation &. 
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Effect of Liquid Density. The power 
number — Reynolds number plots all 
show lines with slope of —1.0 in the vis- 
cous range. Thus, for Reynolds num- 
bers below 10 density has no effect on 
the power requirements of impellers. 
This is shown by Equation (8) 

When impellers operate in the transi- 
tion and turbulent ranges, density has an 
effect 
slope of the correlation line is zero, 


In the turbulent range when the 
Equation (10) holds, and power is di- 
rectly proportional to liquid density. In 
the transition range the effect of density 
is variable and the value of the exponent 
m (the slope of the line) in Equation 
(9) must be evaluated to determine the 
effect 


range operation where the correlation 


The same is true for turbulent 
line has a slope other than zero 

Speed Power Relations. Equation 
(10), applying in the turbulent range, 
shows that the power is proportional to 
the cube of the speed when the slope of 
the power number-Reynolds number 
curve 18s Zero. 

Plots of data show such slopes in the 
turbulent range under baffled conditions 
It is convenient to plot speed versus 
power directly on logarithmic coordi- 
nates, and such lines have a constant 
slope of 14. Since almost all mixing op- 
erations in water are at Reynolds num- 
bers between 10* and 10®, it is conven- 
ient for design purposes to simplify the 
general correlation and to use a speed 
versus power plot as shown in Figure 
16. Experimental points are omitted 
from Figure 16 since they were too nu- 
merous to be included. Data have been 
plotted, however, for all the impellers 
shown in Table 2 in the turbulent range, 
and without exception when baffles are 
used excellent straight-line correlations 
with the slope of ‘4 were obtained. 

Similar lines can be drawn based on 
the data of Table 6 for the Reynolds 
number of 10°. The power number and 
value of K for Equation (10) is read 
directly from Table 6, and a single point 
on the speed-power log-log plot can be 
computed for a given diameter impeller 
turning at a chosen speed and for the 
density and viscosity of the liquid used. 
This single point can then be extended 
by drawing a line through this point 
with a slope of 14, and, thus, the whole 
range of power data for a wide range 
of speed can be computed accurately 

Since Equation (8) applies for Rey- 
nolds numbers less than 10, it is evident 
that power is a function of the square 
of the speed in viscous flow conditions 

Impeller speed has an additional effect 
on power when the effect of the Froude 


Vol. 46, No. 9 


number is significant, or in the transi- 
tion range where the values of m and « 
of Equation (10) are not constant. To 
illustrate this effect, assume a propeller 
operating in an unbaffled tank where the 
values in Equation (5) taken from Fig 
ure 15 are: 


N = 120 rev. /min., or 2 rev. /sec. 


D=1 ft. 


Ve, = 108 


from which 


m= —O0.2 and n 4/18, or —0.22 


then 


Po _ ( ( 0.22 
9 


giving 


K 


Here power is shown to be affected by 
the 2.36 power of speed rather than by 
the cube of the speed. Such equations 
are not useful, however, as generaliza- 
tions, because they apply only to particu- 
lar points in the transition ranges or for 
unbaffled conditions, or whenever the 
correlation lines have changing slopes. 
Since most industrial installations oper- 
ate under baffled conditions, Equations 
(8) and (10) are recommended to show 
the speed-power relations, and Equation 
(4) should be resorted to 
where 8 and 10 do not apply 


for cases 


Impeller Diameter. Impeller diameter 
appears in Equation (3) in the power 
number, the Reynolds number and the 
Froude number. It appears also in the 
size or boundary ratios, but in these lat- 
ter it is used essentially as a reference 
dimension. Limiting consideration of 
diameter, at this point, to its appearance 
in the three dimensionless groups (Np, 
Nae, and N»y,), it is at once apparent 
that Equation (10) applies when baffles 
are used and turbulent conditions exist 
Equation (10) shows that power is pro 
portional to the fifth power of the impel 
ler diameter. Table 7 gives sample data 
for power at 100 rev./min. for flat-blade 
turbines by which this relation may be 
checked. Data from this table are plotted 
in Figure 17. The solid points in the 
plot are for turbines having different 
diameters but the same proportion of 
blade size to diameter ; that is, the ratios 
of turbine diameters to blade lengths and 
to blade widths were identical, and were 
as 20 to 5 to 4. A line drawn through 
these solid points covers a sixfold range 
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of power, and for turbines from 3 to 48 
in. in diameter the slope of the line is 
precisely 1/5, which shows the horse- 
power to be proportional to the fifth 
power of impeller diameter. 

Since Equation (8) applies to all im- 
pellers operating under viscous condi- 
tions, it is evident that for Reynolds 
numbers less than 10 the power is pro- 
portional to the cube of impeller dia- 
meter 


Linear Dimensions. The linear di- 
mension variables are all shown related 
to impeller diameter D in Equation (3) 
in the form of ratios. If all linear dimen- 
sion ratios are held constant, Equation 
(3) reduces to Equation (10) and 
applies to the zero slope portion of the 
curves of Figure 15 where K for the 
equation is equal to the ordinate ¢ If 
power is affected by a change in one of 
the linear dimensions (p, NV, and D, kept 
constant), the data of Table 6 show tha 
the values of $, and thus of K, are affect 
ed. Except for impeller pitch the valu 
of @ at Reynolds numbers of 5 and 2 
seem to be unaffected by linear dimen 
sion changes. The @ for 100,000, how4 
ever, is sensitive to linear dimension 
change, thus K_ will such 
changes. If the functional relationship 
can be determined, the values of the 
exponents of Equation (3) may be 
found. 

It is convenient to use the ratios and 
exponents of Equation (3) to operate on 
the value of ¢, or of K in Equation (10) 
(or Equation (4) if it applies). For ex- 
to calculate the effect of tank 
diameter 7, the value of the exponent f 
must be known. Then, if 7, is the tank 
diameter for which the value of ¢# and 
K, is known and T, is a larger diam- 
eter for which the value Ky is desired, 
Ky, will equal K, (7,/D)' + (7,/D)' 


vary for 


ample 


or 
K, = K,(7T;/T;)' (il) 
Other variables may be handled in the 
same way by operating on a reference 
value of K as shown 


Effect of Tank Diameter, Fiat-blade 
turbines of from 14 to 48 in. were oper- 
ated in the 96-in. diameter tank. These 
were all run 32 in. above the tank bottom 
and allow a comparison of power re- 
quired for a given speed with different 
tank diameter-impeller diameter ratios 
(T/D), all other size variables being 
Table 7 shows data for the 
horsepower at 100 rev./min. for the dif- 
ferent diameter turbines. All these tur- 
bines had 6 blades. It is found that the 
power number is essentially constant be- 
tween 7/D ratios of 2.0 to 7.0, and thus 


constant 
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TABLE 6.—SUMMARY OF DATA 


Tank 
Demeter 
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Baffle 
Impetier Liquid or Width Blade 
Diameter Depth Kottom d No. of Length at Nee of 
Ratio Ratio T Pitch Bledes Ratio 
ip ab con *% LD 5 200 100.000 
cay 
hoe? ‘ 12 2.7 ! none 1.15 80 0.73 0.19 
aa ao 0.73 0.30 
aa aa 0.75 0.32 
10.0 0.75 0.32 
‘ 1 hone 2 at 126 0.52 
56 124 0.38 
10.0 a7 124 1.00 
‘ 18 405 19 as 1.15 a4 175 0.23 
10.0 a5 0.73 0.30 
56 a 0.28 
10.0 0.75 0 32 
10.0 77 0.32 
‘ ‘ ‘ none 098 0.7 0.29 
is ‘ hone 103 0.26 
a2 0.32 
100 0.32 
‘ none 110 a2 0.21 
100 a2 o28 
10.0 1.5 0.62 
1 25 135 
Bie ‘ 4 1 1.15 0.7 13 
‘ i 25 i 2.0 1.00 
E 
Piet Biade Turt 
aap laa 7 
10 7 5 
> 
17.7 14.2 
‘ 1 Done 4 151 112 
15.1 a8 
151 ’ 60 
‘ 21 nene ‘4 13.3 1.28 
10 14.2 6 q 
‘ is ‘ hone ‘ ‘ 1.42 
; 
9 ‘ 6.0 
to a4 
! ‘ ‘ ‘ 
Al 142 62 
142 64 
i 
‘ none ‘ 4 11 
? 
| 
Tome 4 
hi 
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TABLE 
= in rp AUD c/D 8/D B L/D 200 i 000 
“4 3.37 a4 1.0 none 6 40 13.9 3 ee 
13.9 3 
10.0 139 3 
15.0 13.9 3. 
en 40 6.0 20 6 40 
3.0 3.0 1.0 none 9.8 3.5 
as os 5 
100 
15.0 37 
18 10 10.0 4 3.6 
20 1.0 none 4 ‘ 3.7 
as 4.7 
10.0 3.7 
15.0 laa 3.7 
18 Sa 3.0 1.0 none iaa 8.7 
a3 146 7 
10.0 146 1.7 
18 4 0 3.0 1.0 hene 10 6 14.9 3.5 
a3 149 a5 
laa 5.5 
18 53 13 || 6 
20 54 2.7 os — 40 6 | 
44 | 
10.0 144 | 
20 or 4a 14 106 40 
22 or 4.36 aa 15 10.0 6 4a 
a4 54 2 07 none 40 is.9 1.15 
a3 62 
10.0 13.9 62 
24 we 40 40 13 10.0 ‘ 4 64 | 
26 oF 1.7 3.7 12 10.0 ‘ ? 62 
of 1.43 34 1.1 10.0 6 6.4 
a2 11 10.0 ‘ 2 6.0 
or ‘ 3.0 10 100 62 
“4 an 28 10 2 82 6.2 
16 ve 267 2.7 os 10.0 2.67 “4 
42 oF 2.29 2.3 100 2.28 6.2 
46 96 2.0 2.0 0.7 10.0 6 2.0 62 
Curved Blades { 
18 1.0 2.0 10 ea ‘ 40 14 3.40 
54 0 1.0 none 40 140 0.71 
a3 3.45 4.13 
10.0 3.45 
4 2.11 2.75 45° 2.3 12.8 1.30 1.60 
10.0 12.8 2.50 1.63 
‘ 13 2§ 1.0 5a 45° 23 13.0 230 1.98 
10.0 13.0 250 1.42 
‘ 18 45 4 3.2 a3 45° ¢ 23 128 2.50 1.51 i 
10.0 128 2.30 1.56 
. i42 2.50 1.62 
104 142 2.50 1.65 
Shrouded Six 
‘ 275 10 10.0 6 19.5 2.65 1.06 
Lé 10.0 19.5 2.50 1.10 
‘4 12 &.3 17.7 2.65 1.03 
35 3.0 10 stator 94.5 2.50 1.12 
ring 
4 a5 2.13 2.75 10 ea 2 7.3 1.546 1.95 
4 1 1.0 2 2 7.5 1.56 1.68 
4 14 45 4) 1.2 a3 2 2 7.1 1.56 1.77 
is 4 3.0 1.0 2 73 1.60 1.63 
10.0 73 1.56 1.69 
2.2 2.25 0.75 none 2 73 142 
as 74 1.56 177 
10 73 1.56 19% 
15.0 73 156 2.20 
24 an 2.5 2.5 13 a3 3 73 1.56 1.95 
42 2 on as 2 73 1.56 2.10 
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the power is not a function of the T/D 
ratio. It is recommended that the value 
of the exponent ¢ for all turbines where 
Equation (10) applies be zero for T/D 
ratios between 2.0 and 7.0 

Data from Figure 13 illustrate the ef- 
dect of tank diameter for propellers op 
erating without baffles. The exponent ¢ 
is 0.91 for values of T7/D between 2.7 
and 4.5 at Reynolds number of 100,000 
Other data computable from Table 6 
show that the value ¢ should be zero for 
propellers operating in baffled conditions. 


Effect of Liquid Depth, In many 
cases the liquid depth H was equal to 
tank diameter 7, and H/D = 3. H/D 
ratios were varied from 2 to 4.8 in the 
%-in. tank and no effect was found 
However the ratio 7/D was varied at 
the same time. Until further data are 
available it is recommended for propel- 
rs or turbines, that the exponent A in 
“juation (3) be zero for H/D ratios of 
rom 2 to 4, 


Impeller Height Off Bottom. The ra 
jo of height of impeller above tank bot 
mm to impeller diameter (C/1)) 
ried but no data are reported where 
D and 7/D were held constant at the 
me time. Most of the data were taken 
w constant liquid depth and height of 
upeller off bottom. Under these condi 
ions the exponent c has a value of zero 
tween C/D limits of 0.7 to 1.6. How 
er, it is known that for constant liquid 


Was 


pth, tank diameter and impeller diam 
ter and thus the ratio 


}) has a marked effect on power ; a 


the distance ( 


ordingly, more data are needed to eval 


ite the exponent ¢ under such con 
Number of Baffles. Data are not 


hown here, for the effect of number of 
fies, R, but data previously reported 
in the literature (2) show that the « Xpo- 
nential value ¢ for (4/4) in Equation 
(3) is 0.43 for from 2 to 4 baffles. 


Effect of Baffle Width. Baffle width J 
is the dimension of the baffle along the 
of the tank. Table 6 
shows baffle width in terms of per cent 


diameter Mixing 


tank diameter and values of the 


power number can be found for the va 
rious baffle sizes in the same table. Bat 
fle widtis of 1/10 and 1/12 tank diam 
eter commonly used in industrial 
The effect of / is illustrated 


graphically in Figure 14 


are 

operations 
There is no 
noticeable effect of baffle width on power 
when operation is in the viscous range, 
or below Na», of about 300. Above this 
Reynolds number, and in the turbulent 
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range, the baffle width exerts an effect 
on power requirements. The value of 
the exponent j for use with the ratio 
J/D for Equation (3) is 0.30 for J/D 
ratios between 0.15 and 0.5. This corre- 
sponds to baffles from 5 to 17% of tank 
diameter 


Effect of Pitch of Impeller Blades. 
The pitch S of a propeller is a measure 
of the angle of the propeller blades. To 
produce uniform velocity of flow, the 
blade angle of a marine-type propeller 
(Fig. 2) increases (with respect to axis 
of rotation) as the radius is increased. 
Such a relation gives uniform pitch, and 
pitch can be stated in terms of “ad 
fluid. Thus, the pitch of a 
propeller is the distance liquid is dis 


vance” of 


placed along the impeller axis at zero 
slip when the propeller is turned one 
revolution. A square pitch propeller is 
one whose pitch is equal to its diameter, 
or S/D 

The effect of propeller pitch for op 
eration without baffles is compared by 
curves 3 and 5 in Figure 12. Propeller 
pitch affects the shape and position of 


the curves. In the viscous range the 
shape is the same and the power is about 
seven per cent higher for the higher 


pitch propeller. Above a Reynolds num 
ber of about 20 the curves separate in 
creasingly with an increase in the Rey 
nolds number. The higher pitch pro 
peller requires more power for opera 
tion at the same speed than a low pitch 
The pitch variations studied 


may be compared in detail in Table 6 by 


propeller 


the values of Np at corresponding Rey- 
nolds numbers 


When baffles the 


pitch propellers have longer transition 


are present lower 
ranges and the flat section of the curve 
where Equation (10) applies occurs over 
a smaller 


range at high Reynolds num- 


bers. For example, for a pitch of two 
Fig Fig. 15) 
(10) Reynolds 
numbers above 5000, whereas for a pro 
15) 
Reynolds 


(curve 6 12 and curve 4 


Equation applies for 
peller pitch of one 


(10) 


(curve 2, Fig 


b-quation applies for 
20.000 


The effect of pitch of a 


numbers above 
20-in 
peller on the power requirement in bat 
The 
pitch-diameter ratio varied between 
0.99 and 2.50 


pro 
tled conditions is given in Table 8. 


The blade area is approxi- 


mately constant, and the comparison is 
nade at a propeller speed of 420 rev 

The value of s for the ratio §/D 
in Eqquation (3) ts 1.7 for these prop 


ellers 


min 


For fan turbines the pitch is stated as 
the angle which the flat blades of the 
turbine make with the axis of rotation 
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The fan turbines used had flat blades 
tilted to a 45° angle with the axis of ro- 
tation. These turbines operated so that 
displacement was downward. No varia- 
tion of pitch was made ; hence, the value 
of s for fan turbines was not found. 


Effect of Number of Blades. The flat- 
blade turbines were made with from 3 
to 12 blades and various blade sizes were 
used, as shown in Table 6 in the column 
L/D. Data are sufficient to construct 
speed power plots as shown in Figure 
16, and from such plots the effect of 
number of blades on power can be de- 
termined directly for any desired speed. 
Data of power at a given speed vs. num 
ber of blades B were plotted on logarith- 
mic coordinates and were most conven- 
iently correlated by two straight lines 
imtersecting near B = 6. Therefore, it 
is convement to use the 6-blade turbine 
as a basis and to use the ratio B/6. For 
less than 6 blades the exponent bg is 
used and for more than 6 blades the ex- 
ponent 6, is used. Results for turbines 
between 6-in. and 34-in. diameter are: 


b, = US for 6 blades and less, and 
b, = 07 tor 8 to 12 blades 
The few experiments with fan tur- 


with 4 and 8 
The value of bg of 0.8 for the 
flat-blade turbines fits the data for these 
two tan turbines also 


bines were for turbines 
blades 


Effect of Length Width of 
Blades. Blade length L is the dimension 
in radial direction whereas blade width 
HW” is the dimension parallel to the axis 
(See Fig. 8.) The 
blades of curved-blade and arrowhead 


and 


of impeller rotation 
blade turbines were sized such that their 
projections along a radius were identical 
to the flat-blade dimensions. In all cases 
shown here the ratio of blade length to 
blade width (L/W) constant at 
1.25. Thus the independent effects of / 
and HW’ were not evaluated. The effect of 
variation of blade length for a constant 
value of 1.25 for the ratio of L/W’ can 


he made 


Was 


however, and a value of | for 
use in the (L/D)! ratio of Equation (3) 
under such conditions may 
is found to be 1.5 


turbines 


be noted as 
for flat-blade 
Data are tabulated in Table 7* show- 
ing the values of 7/2) and L/D and 
corresponding power for flat-blade tur- 
bine diameters from 3 to 48 in. As noted 
the ratio 7/2) has no effect un 
der the conditions studied. On this ba 
sis the power data can be corrected for 
the L/D effect for constant L/W’ ratio 
The table shows power at 100 rev 


above 


min 
as read from experimental curves and 


* See Note on page 467 
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data. Since many of the turbines were 
fit with blades where L/D = \%, or 
0.25, this condition is used for refer- 
ence. (Such data are plotted as solid 
points in Fig. 17.) Since IY for 
(L/D) is 1.5, the value ( 

L/D 
is the correction factor to calculate val- 
ues of power to the basis of L/D = \%, 
the reference condition for dimensional 
similarity. Such values are given in the 
table followed by the power corrected to 
the L/D = %. This value of power at 
100 rev./min. was then used to compute 
the power number (labeled calculated), 
and this column shows the good agree- 
ment of the data, in that all values are 
substantially equal to the over-all aver- 
age of 6.3 of the last column. 

It is to be noted further that the cal- 
culated values (corrected to L/D = %) 
of the turbine sizes, which are plotted 
by open circles in Figure 17, would fall 
on the line passing through the solid 
points. The lines connecting the solid 
and open points are for different-sized 
turbines, but each individual line con- 
nects turbines which are made with the 
same actual blade size. For example: 
the 18-, 20-, and 22-in. turbines have the 
same-sized blades; thus, the 18-in. tur- 
bine has a larger blade and the 22-in. 
turbine a smaller blade than the refer- 
ence ratio of L/D = % on the 20-in. 
turbine. 


Summary 


Equations (3) and (5) can be used to 


Fig. 16. Speed Power Relations for An 18-inch Flat Blade Turbine. 


characterize mixing impellers, and can 
be used graphically as in Figure 15 for 
comparative purposes. 

Impellers operating in vertical cylin- 
drical flat-bottomed tanks, one impeller 
diameter off bottom, shaft on vertical 
centerline (except the off-centered pro- 
peller), tank diameter three times im- 
peller diameter, and liquid depth equal 
to tank diameter, have characteristics as 
shown in Figure 15. The following val- 
ues of 6 in Table 9 at Reynolds numbers 
of 5, 200, and 100,000 are for the corre- 
sponding curves of Figure 15. 

Equation (10), 


K 
q 


applies to any impeller when operating 
at high Reynolds numbers where the 
correlation curve slope is zero. Such is 
the case for operation with baffles (or 
their equivalent in off-centering). The 
value of K is equal to the value of ¢ at 
100,000 in the list above for the particu- 
lar impeller and environment, and ap- 
plies over the Reynolds number range 
where the slope is zero. 

If variables other than p, NV, and D are 
to be accounted for, the value of ¢, and 
thus of K, is modified by using a rela- 
tion like that of Equation (11), which is 
equivalent to the use of Equation (3). 
Appropriate values of the exponents are 
summarized for the propeller and the 
flat-blade turbine in Table 10. 


VALVES 


BINE DIAMETER BLADE LENGTH =4 = Q{ 


BETWEEN 33 AND 49 
INCH DIAMETER IN 16 INCH TANK __ 

96 

100 


+4 


TURBINE DIAMETER - INCHES 


HORSE POWER 


Fig. 17. Effect of Turbine Diameter on Power. 
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Equation (8), 


J 
g 


P= 


applies to any impeller operating at 
Reynolds numbers below 10. The values 
of K may be computed from the value 
of @ at Ny, of 5 and such values of 
@ are suminarized in Table 9. The di- 
mension variables have little effect on 
the value of K in this equation. Pro- 
peller pitch was the only variable found 
to have a marked effect on K of Equa 
tion (8) 

For operation with baffles in the tran 
sition where neither Equations 
(8) and (10) apply, Equation (5) may 
be evaluated, but since the slope of the 


range 


Reynolds number-power number curves 
is not constant, the resulting equations 
having fractional exponents are of little 
practical importance because they apply 
to one limited condition only 

When impellers are operated without 
baffles, and a vortex results, Equation 
(4) applies and the exponent » of the 
Froude function of the 
Reynolds number, and probably of im 


number is a 
peller position also. Only at high Rey 
the slope of the 
Reynolds number correlation plot con- 


nolds pumbers is 
stant, hence there is little to be gained 
by simplifying Equation (4). At high 
Reynolds number operation the charac- 
teristics approach Equation (10) as a 
limit 


TABLE EFFECT OF PITCH ON PROPELLER PERFORMANCE. 10% BAPFLES 
Propeller 
Diameter Pitch nF Hiade 
D at 42 Area 
in in. rev. min eq in 
1o8 099 a7 169 
218 11 ‘4 Ihe 
0 2 Pi 2 


TABLE 9.—VALUES CORRESPONDING TO FIGURE 1} 
at Keynolds Number of 
Curve Impetler 200 100.0 
*Propelier, square pitet 07 029 
Propeller, square pitch 7 
*Propeller, pitch of 2 a7 1 
‘ Propeller, pitch of 2 a7 1 106 
*Turbine, fat blade 87 11 
Turbine, fat blade ‘4 ? 630 
? Turbine, curved blade 140 Sa a* 
Turbine, arrowhead 142 400 
, Fan turbine 140 25 165 
Piat paddle ? 155 170 
Shrouded tuine 19 2 
12 Bhrouded turbive. stator M45 2.5 112 
* No baffles 
TABLE 10.—VALUES OF EXPONENTS FOR EQUATION & WHEN THE EXPONENT m= ©} 
THE REYNOLDS NUMBER Is ZERO. VALU® OF THE FROUDE EXPONENT I8 ALSO ZER« 
repetle Turbine, Flat Blade 
Rang Range of 
Ka Kaponent Ratro xponent tat 
rp 25 te 2 to 7 
te 4 , 2 ‘ 
‘ 
whe 
onsta 
an 1 
Lip i is 
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N the past few years, drilling fluids 
have become a major tool in the ad- 
vancement of drilling technique and 
have opened an engineering field of vast 
importance to the oil industry. It has 
been recognized and well established that 
the inflow of gas or fluids and loss of 
drilling fluid are controllable by the 
correct application of hydrostatic prin- 
ciples and control of mud friction fac- 
tors; that transportation of cuttings is 
a matter of carrying power expressed 
through viscosity and gelation properties 
with consideration given to proper flow 
characteristics; shale caving or slough- 
ing is greatly influenced by the degree 
ot water-wetting of the shales; the filtra- 
tion cake deposited on the wall of the 
hole is related to mud quality and is a 
common source of trouble subject to 
correction ; protection of permeability in 
reservoir zones is related to the chemical 
make-up of a mud and is a factor in 
initial production rate ; abrasive and cor- 
rosive actions of a mud are of sufficient 
importance to be controlled; value of 
electric logging data is dependent upon 


New fields are opening to chemical engineers and the authors, in this article, tell about one of them— 
the control of drilling mud in petroleum exploration . . . efforts of the chemical engineer and the drill- 
ing engineer must be combined for success in overcoming any specific drilling problem. 


MUD CONTROL AND DESIGN 


VICTOR V. HORNER and W. B. KIMBRELL 


National Lead Company, Tulsa, Oklahoma 


the chemical character of a mud. These 
functions cover a broad field, some are 
interrelated, but as a whole, they are 
independent and each is sufficiently im- 
portant and complex to justify special- 
ized study. 


Weight Control. High specific gravity 
weight minerals (barite) have long been 
employed as an additive to drilling fluid 
for increasing mud density in the control 
of inflow of gas or fluids from the 
drilled formations. Mud weights in the 
15 to 19 Ib./gal. range are in common 
use with today’s deeper drilling, and 
present a complex problem in their de- 
sign and control. Muds in this weight 
range must remain fluid with a minimum 
viscosity to allow the removal of en- 
trained gas 

In preparing weighted mud, 
barium sulfate, with a specific grav- 
ity of 43, is added to a prepared 
base mud, or to a base mud already in 
use in the drilling operation, and usually 
containing low specific gravity suspend- 
ing material. As the weighting material 


is added for increased fluid density, the 
total volume percentage of 
solids Dependent upon th 
effective per cent volume of low specifi 


effective 


Increases 


gravity material originally in the bas 
mud, the amount of barite addition isJ 
therefore, limited by resultant viscosity 
and gel strength. The same effect is 
realized when a weighted mud with sat- 
isfactory strength 
properties is in use in drilling formations 
that add to the low specific gravity con 


viscosity and gel 


centration ; viscosity and gel strength in- 
creases would be expected. 

Considering practical operating limits 
of viscosity and gelation, as the weight 
required for a specific mud increases, 
or addition of low specific gravity solids 
occurs through drilling, the effective 
volume percentage of low specific grav- 
ity suspended material must be reduced. 
This may be done (1) by dilution and 
addition of barite; (2) by dehydrating 
the low specific gravity particles, or (3) 
by employing a higher specific gravity 
solution phase. 


OWABLE VISCOSITY 
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Fig. 1. 
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Weight-Viscosity Relationship—Weighted Mud. 
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BARRELS OF TREATING CHEMICAL 25185. NAOH 
S50 LBS. QUEBRACHO PER BBL PER 1000 BBL MUD 


Fig. 3. Viscosity Gel Strength Reduction. 
Netive fresh water mud. 


Figure | is a hypothetical representa- 
tion of the viscosity-weight relationship 
of weighted muds showing the govern 
ing limitations and control approach 
The line AB represents a hydrated or 
semihydrated clay added to fresh water 
as a suspending agent for the addition 
of barite along line B to C. The point ¢ 
represents a mud designed for a required 
weight at operating viscosity. As low 
specific gravity solids are incorporated 
in the weighted mud along CD through 
drilling progress, the tendency of the 
mud is to increase slightly in weight and 
to increase in viscosity until the maxi 
mum allowable viscosity for release of 
entrained gas or fluid pumpability ts 
reached at D. To control the viscosity 
below the maximum allowable, this mud 
may be diluted with tresh water to re 
duce the percentage of low specific 
gravity solids with addition of barites, 
if necessary, to maintain the required 
weight. A second control method would 
be the chemical dehydration of the base 
clay AB or any hydrated clay added 
through drilling, CD, with the yield of 


FILTER LOSS ML IN 10 


> 


these low specific gravity materials de- 
pressed to assume the position AE, 
which, together with the assistance of 
the high specific gravity weighting ma- 
terial along EF, would provide a reduced 
viscosity mud at the required weight at 
F. The third design or control method 
would be the use of a higher specific 
gravity liquid phase, such as saturated 
salt water. In this case the dehydrated 
base clay would assume the position of 
A'E’ when mixed with the higher spe 
cific gravity liquid phase, and with the 
further addition of barites along E’F’ a 
mud would be provided with the required 
weight of a low viscosity. 

Considering the limitation of viscos- 
ity, it may be noted that much higher 
weight muds may be prepared and con- 
trolled through the latter two design 
methods. The high weight muds in use 
today, viz., muds in the range of 15 to 
19 Ib. /gal., are mostly of these types. 

Control of highly weighted muds gen- 
erally involves the matter of circulation 
loss where the mud weight must be con- 
trolled between the maximum permitted 


J 
BARRELS OF TREATING CHEMICAL 25 LBS NAOH 
50 LBS. QUEBRACHO PER BBL PER 1000 BBL MUD 


Fig. 4. Filter Loss Reduction. 
Native fresh water mud thinner plus bentonite. 


break-down weight and the minimum re- 
quired to overcome the formation pres- 
sures at hand. This condition generally 
places the weight at a fixed value with 
little control tolerance. An understand- 
ing of the viscosity-weight relationship 
of weighted muds is particularly impor- 
tant in the design and control of such 
critical cases. 


Viscosity and Gelation Control. Pro- 
per transportation of cuttings depends 
on the “carrying power” of the drilling 
mud to lift bit cuttings to the surface 
and yet allow the finer cuttings, not re- 
moved by the shale shaker, to settle in 
the surface pits. Viscosity and gelation 
control are related to the mechanical 
drilling operations where annular ve- 
locity, drilling rate, and mechanical hole 
erosion must be considered. 

Because of its great ability to swell 
in water, bentonite has been the most 
widely used viscosity builder. Where 
viscosity is required in the design or 
control of a fresh water drilling mud, 
the high vield (expressed as the barrels 


cau} 


CELS STRENGTH crams 


FILTER LOSS ML IN AT 100 PS) 


CALCIUM ION 
CONCENTRATION 


Fig. 5. Effect of Low Calcium Ion Concentration on 
Characteristics. 


CONCENTRATION OF a 


TREATING CHEMICAL 


LBS STARCH PER BBL SATURATED SALT WATER MUD 
Fig. 6. Filter Loss Reduction. 


Starch in saturated salt water mud. 
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of 15 cp. mud/ton of clay) of Wyoming 
bentonite makes the material particularly 
adaptable for this purpose (Fig. 2). 
Other special clays have been developed 
and are in use for providing viscosity 
and gel strength in saline solutions. 
Generally, improvement of flow char- 
acteristics through reduction of viscosity 
and gel strengths in fresh water-benton- 
ite muds commands greater attention 
than increasing these values. Increases 
in viscosity and gel strengths due to 
hydration of clays from bit cuttings and 
hole erosion caused by drill pipe move- 
ment are common problems. Uses of 
water, tanstuff and the polyphosphates 
to reduce viscosity and gel strengths are 
Figure 
3 shows the action of a chemical thinner 
on a typical native fresh water bentonite 


mud. 


Control of Filtration Properties. The 
factor of water wettable shales involves 
control over the filtration properties, and 
development has depended upon the ap- 
plication of knowledge on colloidal sus- 
pensions. To minimize the filtration rate 
of a drilling mud requires consideration 
as to the type of colloidal material, col 
loidal particle-size distribution, the de- 
gree of dispersion and the concentration 
of the colleid used. Common sources of 
colloidal particles are from clays, ben- 
tonites, starch and other organic colloids. 

One method of control involves the 
use of chemical mud thinners such as 
some of the tannin compounds and com- 
plex phosphates. They have been effec- 
tive in reducing the viscosity and gel 
strengths of muds to permit much higher 
concentration of colloidal particles for a 
given viscosity, and in controlling flow 
characteristics and filter loss in fresh 
water, bentonite-type muds. Figure 4 
illustrates the effect of concentrating 
colloidal particles through the thinning 
action of caustic soda-quebracho and 
addition of bentonite on water loss re- 
duction of a fresh water native mud. 

Colloidal particles supplied by benton- 
ite and other clays are chemically active, 
and their behavior is influenced by 
chemical contamination; the multivalent 
cations have severest effect 
ot chemical control of 
affecting viscosity, gel 


control methods in common use 


The basis 
contaminants 
strength, and 
filter-loss characteristics involves reac- 
tions where the multivalent cations are 
converted into an insoluble form and 
replaced by a single valent cation, gen- 
erally sodium. This type treatment will 
minimize the flocculating forces and 
render the mud more fluid with a given 
concentration of colloidal particles. Fig- 
ure 5 depicts the effect of low calcium 
ron concentration on mud characteristics 
and the restoration of desirable proper- 
ties by removal of the calcium ion 
through precipitation. It is not the in- 
tent of these curves to cover the range 
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Fig. 7. Characteristics of Lime-Converted Mud. 


of contaminate concentration and treat- 
ment, but rather to illustrate the effect 
of the presence of the multivalent cation 
calcium, in low concentrations, on mud 
properties. Control of such contamina- 
tion can be effected by the use of sodium 
bicarbonate in the case of cement, by the 
use of sodium carbonate or barium car- 
bonate for anhydrite. Regarding the 
latter, use of soda ash is limited by the 
concentration of sodium sulfate formed 
by the reaction, which can, in high con- 
centrations, prove detrimental to most 
muds. Heavy anhydrite contamination 


is effectively treated with barium car- 
bonate, which removes calcium sulfate 
in its entirety. 

More recently, attention has been 
given to special types of colloidal mater 
ials for control of mud filtration proper- 
ties. It has been found that extremely 
low filter-loss control depends upon 
maintaining a percentage of the colloidal 
material in the lower-size range, and that 
a pliable-type particle is desirable. The 
starch particle has been used effectively 
for this purpose and has afforded a 
means of producing extremely low filter 


Fig. 8 (above). Low Filter Loss Wall Cake. 
Fig. 8a (below). High Filter Loss Wall Cake. 
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rates. A sterile condition must be pro- 
vided through use of bactericides, high 
salinity or high alkalinity. Starch is also 
extremely useful in that it is unaffected 
by high chemical concentrations. As a 
result, low filter-loss muds can be pro 
duced under condition of saturated salt 
(Fig. 6). The synthetic product, sodium 
carboxy-methyl cellulose, has similar 
characteristics and is finding application 
along the same line. 
trons this 


In many applica- 
cellulose derivative has an 
even greater weight efficiency than com 
mercially prepared starch in water loss 
reduction, and in addition presents little 
fermentation hazard. These advantages 
are to some extent offset, wwever, by a 
higher price per unit weig it. 

Chemically dehydrating the clay par- 
ticle im mud 
by the use of slacked lime allows the 
preparation of a stable mud having a 
wide application. In 


+ conventional water-clay 


converting to a 
mud of this type, caustic soda and que 
bracho along with any necessary water 
dilution, are usually employed to assist 
m raising the alkalinity and to control 
viscosity and gel-strength increases. The 
magnitude of viscosity increase dur ing 
the dehydration process depends mainly 
on the concentration of hydrated clays 
in the original mud. Starch is used to 
reduce filter loss and the resulting mud 
A 
nonhydrated solids in 
rated high pH solution 
particularly 


stable composition of starch and 
a calcium satu 
Such muds are 
adaptable where high 
weights are required, are not affected 
adversely by chemical contamination 
proper maintenance are 
stable in regard to weight, viscosity and 
gel strength. Figure 7 illustrates the 
change in mud characteristics for a 
lime-converted mud. 

\ factor related to mud quality and 
hitration properties of a drilling fluid is 
the thickness of the filter cake deposited 
on the wall of the hole. This filter cake 
is usually proportional to the filter loss 
for a given mud. Figure 8 and &@ are 
representations comparing the 
effective diameter of a hole in sand in 
which a low filter-loss mud has been cir 


and through 


visual 


culated, and one in which high filter-loss 
mul has been The high 
hiter-loss mud reduced the 854-in 
diameter to 654-in. and illustrates the m 
portance of minimizing cake thickness 
from the standpoint of sticking drill pipe 
and testing tools 


circulated 


Where formation porosity and per 


meability are great enough to permit a 
partial or complete loss of drilling mud 
to the formation, bridging and plugging 
materials of a fibrous or flaky 
are incorporated in the mud 


nature 
Figure 
illustrates the plugging action of mud 
ladened such materials 


with several 


Figure 10 shows a low pressure filter 


press 


Fig. 9. Loss of Circulation Materials. 
Top, Fibrous Material. 
Center, Cellophane Foil. 

Bottom, Mica. 


Fig. 10. Low Pressure Filter Press. 
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Other Items of Control. Protection 
of permeability in reservoir zones may 
be related to the chemical composition 
of a mud and may be a factor in initial 
production rates. This thought has led 
to the use of extremely low filtrate fresh- 
water muds, oil-base muds and oil-emul- 
sion muds for well completions. Use of 
limed or salt-water muds, or muds so 
treated that the filtrate would duplicate 
the chemical composition of formation 
mterstitial water, is being tried. 

Abrasive and corrosive action of 
drilling fluids is of sufficient impor- 
tance to be controlled. Gel-strength re- 
duction through chemical treatment per- 
mits the dropping of abrasive sand cut- 
tings in ditches and 
tanks. Sodium chromate and sodium 
nitrite are being used for retarding the 
corrosive effect of some drilling muds on 
drill pipe. A maintained concentration 
of 2000 p.p.m. of either of these salts in 
the drilling mud has been found adequate 
to arrest any observable corrosion 


surtace settling 


Interpretation of electric logging data 
is influenced by the effect of the chem- 
icals in the mud upon the resistivity of 
the mud. It is most advantageous for 
the sake of correlative interpretation of 
electric log data for mud resistivity to be 
within a suitable range 


Control Instruments. As the drilling 
mud engineer recognized the importance 
of drilling mud design and control to 
the complete drilling operation, he devel- 
oped instruments for measuring these 
properties better to prepare a basis for 
analytical study. The mud hydrometer 
devised for density 
Marsh Funnel and 
Stormer Viscosimeter are used for vis- 
cosity and gel-strength measurements; 
the Baroid Low and High 
Filter-Press Units were designed for 
evaluating filter-loss filter-cake 
a sand test kit was designed 
for measurement of the amount of 
abrasive material; filtration analysis and 
alkalinity used for 
proper diagnosis and maintenance work 


or balance was 


measurements; the 


Pressure 


properties ; 


measurements are 


Conclusion 


Mud test information from collected 
data at the well, including pilot testing, 
augmented with past experience, enables 
the chemical and petroleum engineer to 
design and control a drilling mud system 
for maximum operating efficiency. Col 
lectively, the chemical and drilling engi 
neer has contributed the greatest effort 
toward the development of present-day * 
drilling fluids, and are looked to for con- 
tinued improvement towards the reduc- 
tion of drilling hazards and costs. 

(Presented at Eleventh Regional 


Veeting, Tulsa, Okla.) 


September, 1950 
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MANAGING TECHNICAL OPERATIONS 


FRANK K. SCHOENFELD 


Vice-President, B. F. Goodrich Chemical Co., Cleveland, Ohio 


N ANY company where technical activi- 

ties are a major consideration it is 
essential that the administrative officers 
properly define the scope of technical in- 
terests, determine the technical budget, de- 
cide what expansion capital can be made 
available, and define the procedure for 
integrating technical effert with the pro 
duction and sales activities. Management is 
concerned with the execution of this com- 
pany policy plus the planning that gives 
admimstration the facts necessary for cor 
porate policy decisions 

The first problem is to build technical 
organizations that fit the environment in 
which they are to operate. For most tech 
nical people this means competitive indus- 
try. In the past, technical organizations 
have been partially shielded from intense 
competition but all signs point to a drastic 
change in this situation. If this change were 
merely an increase in the intensity of tech 
nical effort devoted towards upgrading the 
quality of your corporation's existing prod- 
ucts, it could not be termed drastic. Such 
effort has been on a rising tempo for some 
years; in many cases to the point of dimin- 
ishing returns. Nor, could one claim that 
the increasing technical service that com 
panies are giving their customers is unex- 
pected. Such technical effort is properly a 
selling expense, easily controlled and evalu 
ated for its effectiveness. The drastic 
change on the horizon is the intensity of 
competition that is developing between the 
technical organizations of industrial con 
cerns 

More than ever before, technical effort 
on new products and processes must be 
guided in the light of potential similar 
efforts by others. The rewards still exist 
but failures are increasingly costly. 


Organization. The first job of manage 
ment is to organize a research laboratory, 
“a manufacturing development group, a pro 
duction control group, and a customer 
service unit so that they fit the environment 
that exists in a company. Within that en 
vironment there is the choice of operating 
functionally or as a military or. line organi 
zation. A functional organization makes the 
best use of technical experts but has the 
great disadvantage that responsibility is too 
diluted. Even with careful coordination the 
individual expertly done portions of the 
problem often fail to mesh into a final 
complete whole 
On the other hand the line organization 
establishes responsibility so clearly that a 
maximum of operating efficiency in solving 
a problem is obtained. However, the best 
use is seldom made of specially gifted ex- 
perts in this type of organization. 

There is nothing sacred about organiza- 
tion forms. For the purpose of maximum 
efficiency most technical organizations are 
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a mixture approaching a _line-and-staff 
organization. Technical supervisors can 
have both operating and advisory responsi- 
bilities. Certam technical experts can pro- 
vide specialized services to several groups, 
and some experienced men may prove most 
valuable in a strictly planning and consult- 
ive capacity This mixed organizational 
form works exceedingly well as long as the 
top technical executive defines precisely the 
dividing line between advice and authority. 


What Is An Organization? 


An organization is generally conceived to 
be a group of people with defined functions. 
Because of the importance of human rela- 
tions in any activity the emphasis is gener- 
ally placed upon the individual. One can 
also look upon an organization as a co- 
ordinated group of activities. At first 
thought this may seem to be a mere quib- 
bling with words. However, there are im- 
portant differences between the two view- 
points. When the emphasis is placed on 
activities a given individual becomes a part 
of several organizations. Many individuals 
in the sale and production department spend 
a portion of their time on development 
activities. The reverse is also true in that 
members of the technical groups often han- 
dle production and sales functions. More- 
over, the activities of customers and sup- 
pliers are often an important part of our 
organizational functions even though the 
relationship of these individuals to our or- 
ganization is indirect 

In managing technical organizations it is 
practical to emphasize human relationships 
and consider the overlapping functions of 
other divisions as part of the environment 
within which successful operation must be 
achieved. Solving the many problems in- 
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volved in the overlapping and integration 
of divisional activities is an administrative 
function. A common source of difficulty 
between functional divisions of a company 
is the characteristic of some managers to 
build little empires rather than play on the 
team. Such behavior, a deplorable example 
of business immaturity, occurs frequently in 
technical organizations, The isolation from 
production and sales problems, the desir 
ability for secrecy, and the specialized 
language of science tends to encourage this 
action. /ndustrial science can not flowrish 
in glorious isolation. One can't get away 
from his environment by ignoring it. Tech 
nical organizations are of greatest service 
when they cooperate within the administra 
tively defined scope of their activities, with 
other divisions of the company, to the fullest 
possible extent 

\n important technique in the manage- 
ment of large technical organizations is the 
training, the conditioning, and the selection 
of personnel so that the group will join 
automatically in this team effort with other 
parts of the organization. When this blend 
ing of divisional activities is achieved, when 
rigid departmental walls do not exist, then 
organization m its most productive form 
exists 


Individual vs. Team 


Human Relations. In the management of 
technical operations human relations are 
more than a problem in psychology. While 
most technical men have normal social in- 
stincts and work best in a team effort, it 
must be recognized by group leaders and 
their superiors that there must be a judg 
ment on individual effort. Man's innate dig 
nity, his pride in an accomplishment, and 
his desire for esteem must be recognized 
Team work is not herd action; rather it is 
a tool that enables the technical supervisor 
to upgrade technical effort in a synergistic 
manner. A favorite athletic team is cheered 
as a team, but the individual prowess of 
each team member is also applauded. Work 
is so important a part of every technical 
man's life that frustration through the fail- 
ure of his superiors to recognize his social 
and ethical needs leads to an unhappiness 
that precludes welding that man into an 
harmonious and efficient team. This recog- 
nition must be more than a competitively 
good salary. The laissez-faire doctrine of 
Adam Smith is entirely insufficient to han- 
die the aspirations of technical personnel 

The foregoing leads to the importance of 
selecting able group leaders. These are 
never in long supply. Young men with 
technical competence and even brilliance are 
not too difficult to find. But to develop such 
men into technical supervisors with an un- 
derstanding that an executive position is 
essentially one of trusteeship, is a difficult 
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assignment. Whenever possible technical 
supervisors should be chosen from the or- 
ganization 

After selecting a man who displays initia 
tive, the capacity to accept responsibility, 
and enthusiasm for his work, it is necessary 
to teach him what a position of trusteeship 
involves 

In developing technical supervisors who 
think broadly from an over-all company 
viewpoint, rather than from a strictly tech 
nical viewpoint, it is valuable to define their 
responsibilities in terms of corporate policy 
This is valuable since it builds a reserve 
ol understanding personne! in back of key 
positions in other parts of the company 


Corporate Responsibility 


Corporate responsibility affects the opera 
tions of technical management. How? 

First, the stockholders expect not only 
financial integrity in its broadest sense but 
also profitable operations 

That general statement is as good a basic 
definition for describing the technical re- 
sponsibilities of the group leader in indus 
trial research and development as it is tor 
the officers of a company. Technical men in 
industry are not engaged in searching for 
new theoretical knowledge as an end in 
itself; the prime objective cannot be the 
enhancement of scientific prestige by pub 
lishing papers. The job that industry hires 
techmeal men for is to provide the technical 
know-how needed by the company to oper 
ate saiely and efficiently, and to develop 
products that insure its growth and prosper 

The effective expenditure of research 
am! development funds require a caretul 
comideration by the technical supervisor 
He is not discharging his responsibility to 
the stockholders if he recommends the pur 
chase of every new scientific instrument 
that comes on the market wheher he needs 
it or not. It is axiomatic that no company 
should have a technical organization if 
is not willing to supply it with all the tools 
that are needed. On the other hand, one of 
the most insidious wastes in technical or 
ganization is this fetish for scientific equip- 
ment. The cost of the tool is generally of 
small concern, The waste ts the thousand 
of man-hours spent in accumlating data and 
routine testing without any significant con 
tribution to the development, umprovement, 
or quality control of the product 

Another subtle waste the group leader 
must tram himself to guard agamst is the 
pursuit of knowledge down paths that are 
mteresting but unproductive. The problems 
of perfecting a new product or process are 
unending. A realization of the point ot 
diminishing returns in technical investiga 
thom is imstinective with same group leaders 
Untortunately, poor direction of technical 
effort is often only apparent in its accumu 
lated effects 

As one of the 
money the 


trustees of 
technical supervisor 
taught to combine economi 


company's 
must be 
sense with his 
imagination and technical ability 

Second, employees deserve a management 
with a social conscience and a willingness 
to discuss, explain, and act on mutual 
problems 

At the technical group leader's level in 
management this employee relationship is a 
direct personal affair. It starts with mtro 
duemg a young technical emplovee into a 
group where he can start his social contacts 
It involves explaining the nature of the 
company's business, its policies regarding 
salary, pensions, and vacations. Personne! 
departments sect these policies but they can 


not replace a man's direct supervisor in 
providing the necessary personal touch. 

The technical supervisor must instill in 
the young technical employee that the fun- 
damental! concept of a technical organization 
is that the world, in a broad sense is mater- 
ials and space in which one builds what 
one wishes 

In all these human relationships an im- 
portant characteristic in the group leader is 
that of enthusiasm. A technical group al- 
most invariably has the character of its 
leader. Ii he displays enthusiasm for the 
work, he creates enthusiasm in his asso- 
ciates. Enthusiasm in all activities raises 
output but in technical effort it is essential 
if the many disappointments inherent in 
experimental work are to be surmounted 

Third, the public, whether they be cus- 
tomers, competitors, suppliers, or associates, 
expect fair, equitable treatment and ethical 
promotion of the company's products 

For technical men this management re- 
sponsibility is fundamental to the practice 
of their profession. Scientific integrity 
covers this responsibility only in part. Since 
integrity is so fundamental to technical 
work and so well understood and practiced, 
this discussion can be limited to the one 
point that technical personnel often fail to 
appreciate. This is, that promoting the 
ideas of the personnel is part of the job 

Some engineers and many scientists seem 
to feel that selling themselves and their 
ideas is unnecessary and beneath their dig 
nity. This not only shows a grave lack of 
understanding in human relations but de- 
wives them of much personal satisfaction 
The pleasure of creating something new 
and useful reaches its ultimate fulfillment 
only when shared with others. Selling is a 
need, that cannot be avoided: it requires 
skilliully presented creative thinking. Even 
if one feels that he is in a position to 
achieve his ends by dictatorial methods, 
selling the idea preserves the self-respect 
and generates the enthusiasm in the team 
that must do the job 

Another aspect of this problem is one's 
own personal advancement. Some engineer 
ing graduates practice their trade, some en 


Frank K. Schoenfeld has been 
associated with the Goodrich or- 
ganization since 1927. His early 
research work in vinyl resins led, 
in 1939, to his appointment as 
group leader of the research team 
that subsequently developed the 
manufacturing process of produc- 
ing vinyl chloride by the reaction 
of acetylene and hydrogen chior- 
ide and its subsequent emulsion 
polymerization to electrical grades 
and general purpose grades of 
polyvinyl chloride. Since that 
time the development of the many 
variations of vinyl resins has been 
under his direct supervision. Prior 
to his appointment in 1946 as vice- 
president-technical he was techni- 
cal director for the company re- 
sponsible for all technical oper- 
ations and development, including 
the three Government synthetic 
rubber plants operated by the 
company. He is the author of 
papers on and the 
holder of several patents in sur- 
face chemistry of piements, ad- 
hesives, synthetic rubber, etc. 
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gage in the profession of engineering. 

he former are the inarticulate, the 
latter are those capable of selling their 
engineering knowledge 

To sell is to convey something to others 
for a consideration. The prime medium for 
conveying engineering knowledge is, of 
course, language. The value of engineering 
knowledge to others and in turn the extent 
of the consideration to oneself are greatly 
dependent upon one’s conveying ability 

Superiors and associates deserve the con- 
sideration of a well-presented and ethically 
promoted technical work as well as simple 
technical skill 


Planning 

Procedure. Every individual technical 
man plans and then organizes his work. Yet 
the number of technical organizations that 
merely operate on the basis of ideas, with- 
out analysis of these ideas in light of 
present economics in competitive situations, 
is large. This is especially true of research 
organizations. It occurs because everyone 
recognizes that too rigorous planning of re- 
search objectives is liable to stultify and 
even kill new ideas. However, there is a 
happy mean that can be achieved between 
definitely planned research objectives and 
freedom-ot-action research. Even in this 
freedom-of-action field an economic analy- 
sis of the idea is called for at a rather 
early stage. As a matter of fact most re 
search laboratories find that they gain most 
of their new ideas not from the undirected 
exploratory research but rather from by- 
products of their directed research activi- 
thes 

Planning consists in determining what, 
how, and why something should be done. 
Sales goals in excess of the normal growth 
trend in the industry can be obtained only 
when management knows about where it 
wants to go and why; and when key em- 
ployees can be inspired with the excite- 
ment of the chase. Planning naturally di- 
vides itself into two phases. First, to deter- 
mine the program that will insure progress 
for one’s company. This program defines 
the goals and details the plan of execution 
Second, to coordinate the execution of this 
program into the whole corporate structure 
Planning could be described as organized 
forethought and corrective hindsight in view 
of the facts at one’s disposal. The major 
problem in planning operations is to obtain 
correct facts. In approaching over-all 
planning problems the technical man who 
has spent his life in science or engineering 
must first adjust himself to the idea that 
while the scientist depends upon provable 
physical facts, the business man acts on 
intuition for the most part. Of course it is* 
the paucity of facts in the social and eco- 
nomic fields that forces the executive to 
resort to intuition and practical psychol- 
ogy. Therefore, it is important to guard 
against being victimized by enthusiasms and 
prejudices which will tend to cause a dis- 
regard of the facts that could be made 
available in favor of tips and herd actions 

In this regard it should be recognized 
that technical organizations tend to grow in 
a set pattern. Young men, fresh from 
school, are trained into this pattern. Pr& 
gress often requires a new perspective and 
an entirely fresh viewpoint. This can be 
accomplished by hiring a man who gained * 
his experience in a different environment or 
by hiring a consultant. Good consultants 
can bring to a technical organization a 
broad extensive view of many problems 
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WEATHER WORRIES 
OPERATING COSTS 
MAINTENANCE PROBLEMS 


GENERAL AMERICAN 


135, SOUTH SALE 


ae er. 


NEW SALT 


LAKE CITY PLANT OF FILTROL CORP. 


This new $3,000,000 Filtrol Salt Lake City plant is scheduled for operation in 
January, 1951. Capable of making a full line of Filtrol products it is especially 
designed for the manufacture of an improved new catalyst for petroleum cracking. 
This catalyst is particularly suitable for the manufacture of high octane gasoline 
and will I ~~ major economies in those refineries which generally require a 


catalyst the synthetic type. 


The manager of the Salt Lake City plant will be A. D. Yates, who previously 
was superintendent of the Filtrol California plants. The initial quota of personnel 
for the operation of the new plant is estimated at approximately 150 in direct 


plant operations. 
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The nation’s largest and most power 


ful atomic research began 


operating Aug. 22 
Leland |. Haworth 
National 


supported by the 


reactor 
according to Dr 
Brook 
Laboratory, nuclear re 
Atomic 


director of 
haven 
search center 
Lnergy (commission 

At 2:30 A.M. Dr 


charge of the p ke 


I vile 


sign alled tor removal 


B. Borst, wm 


of control rods, thereby starting the 


initial cham reaction. Le uling ol uran 


jum to bring the reactor to its full 
will continue for sev 


Meanwhile 


with the 


designed power 


eral months experiments 


will begin reactor operating 


24 hours a day 
air-cooled 
its de- 
igned power level, will develop heat at 
1 rate of 30,000 kw 
ot the A. 
and construction 
The H. K Ferguson lo 

The Babcock and W ileox 
Ohio, served as 
ing consultant in the final stage of con 
struction 


The new imstallation ts an 


graphite-uranium pile which, at 


several times that 
at Oak Ridge Na 


Engineering design 


reactor 
tonal story 
were carried out by 
Company 
ot Barberton engineer 
Servo-Mechantsm 
Insti 
Mass., 


reactor 


and =the 
Laboratory of the Massachusetts 
tute of Pechnology Cambridge 
designed and engineered the 
control system 

The 


structures 


project consists of five major 


largest of which is the re 
laboratory 
a total of 30,000 sq.ft. of 


space, are 


actor building proper 
wings, with 
floor side 
of the and a “hot” 
laboratory nearby provides 33,000 sq.ft 
of floor space for research with radio 
active materials of high The 
air which cools the moved 
by large fans which are driven by 1500 
hp. motors, through ducts large enough 


located on either 


reactor building 


intensity 


reactor 1s 


BEGINS OPERATING 


to accommodate a New York subway 
hey are located in a “fan house” 
on the hill near the reactor and finally 
320-it. stack 
ot remtorced concrete, 32 ft. in diameter 
at the bottom and 19 ft. at the top 


tram 


drive the air up a made 


Passageways in the graphite cube of 


the reactor permit circulation of cool 


ng air to carry away the 


by fi 


eat generated 


ssion. Under and around the re- 


actor are labyrinthine 


ducts, 


passages, oF 
through which cooling air enters 
and leaves. Air speed varies from some 
hundreds of miles per hour in the nar- 
row graphite passageways to 40 miles 
per hour in the ducts 


In the fan house, specially designed 
12-ft 
at 3000 rey 


centritugal compressors rotate 
to draw 300,000 cu.it. 
ot air every minute through the pile 


cooling system 


min 


Argon, which 
per cent of the 


phe re 


comprises about 


normal 


one 
earth's atmos 
becomes 


through the 


radiwactive in passing 
this 
radioactivity immediately begins decay 
ing. In addition, it is diluted many 
thousands of times it leaves the 
stack, by a process of mixing with the 
natural atmosphere 


reactor However, 


after 


Decay and dilution 
together render the radioactivity harm- 
less 

If the cooling air carried particles or 
dust, some of this material, too, might 
To avoid this, the 
ur is filtered both before and after it 


hecome radioactive 


passes through the reactor 

It weather conditions threaten to 
a poorly diluted flow of reactor 
gases over one spot long enough to raise 
the radiation exposure above the permis- 
weckly limit at ground level, the 
reactor will be shut down. To provide 
detailed information, the 


catise 


sible 


technical 
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Meteorology Group attached to the 
reactor operates a weather station and 
two towers, 420 and 160 ft. high. 
Meteorologists measure temperature and 
wind differences between ground and 
the tops of the towers. Thus they can 
determine how conditions affecting rates 
of dilution of the cooling air from the 
reactor vary between positions only a 
few hundred feet apart. 

The laboratory's health physics and 
instrumentation department mainiains a 
branch at the reactor to assure that no 
one is working under dangerous condi- 
tions or can be unduly exposed to radia 
tion. This program is divided into per- 
sonnel monitoring and building survey 

Personnel monitoring begins at the 
entrance, where each employee receives 
a film badge which is tested weekly and 
a pocket meter tested daily, for signs of 
overexposure All employees whose 
work might result in contamination go 
to special locker rooms to change to 
protective clothing. After work they are 
monitored for contamination, and scrub 
themselves with soap and water, if ne- 
Their protective 
clothing is treated in a special decon- 
tamination laundry 

At Hanford and Oak Ridge, the 
average radiation received by all work 
than half the amount that 
residents of Rocky Mountain cities re 
ceive from cosmic rays. The average 
for A.E.f in an entire year 
is considerably less than that received 
by many people from natural sources, 
radon gas, radioactive mineral waters 


cessarv discarded 


ers is less 


workers 


ete 

The A.E.C. rule is that no worker 
shall receive more than 0.3 roentgen a 
week, a rate of exposure which experts 
believe would do no damage even if 
continued a lifetime. 

The building survey includes setting 
up extra lead shielding, testing floors, 
tables, equipment and air for contamina 
tion, and other precautionary measures 
This is standard procedure every time 
a “hot” or radioactive experiment is 
conducted at the reactor itself or in one 
of the laboratories. As a planning guide 
to health physicists, radioactive sources 
used in experiments in various parts of 
the area are spotted on a large map, 
much as a city’s fire hazards may be 
plotted for the guidance of the firemen 

Research aside “hot” 
wastes in labeled bottles and carefully 
limit the amount of radioactive material 
they pour down the drains of a special 
system. Water from the sinks passes 
first into hold-up tanks, where automati¢ 
equipment collects a continuous sample. 
If tests long-lived radioactivity 
above a prescribed limit, the contents of 
the hold-up tank are pumped into steel 
tanks for permanent storage. When the 


workers set 


show 
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On Stream Automatically 
without Manual “Juggling” of Control! 


Twin naphtha rerun stills at E] Segundo 
Refinery of Standard Oil Company of 
California, built by C. F. Braun, Co. 


... thanks to Foxboro M-40 Controllers 


At the El Segundo Refinery of the Standard Oil Company Cue comes of Ge chewten 
of California, fast, sure start-ups typify the operation af- a few of the M-40 Controllers which au- 
forded by M-40 Controllers on two new naphtha rerun stills. Gin 
Because each pre-set value is so accurately met by the 
M.-40 Controllers, every process temperature, pressure and 
flow rate comes directly to its control point without any 
manual “babying”. And the inherent stability of M-40 con- 
trol action holds it there, for maximum process-uniformity. 
The Foxboro M-40 Controller gives you the benefit of the 
most advanced developments in the field of pneumatic 
instrument design. Its rigid unit construction and almost 
frictionless moving parts result in greater power, accuracy, 
and sensitivity. Available for temperature, pressure, flow, 
level and other applications. 
Write for details. The Foxboro Company, 248 Neponset pH controller for cooling tower. It holds 
Ave.. Foxboro, Mass.. U. S. A. 
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(Continued from page 14) 


samples decay to safe limits, the water 
is released from the basin into the sewer 
system 

Brookhaven tested 
twice more before it flows into uncon 
trolled drainage : at a pool where sewage 
is subjected to a standard bacterial 
treatment which precipitates out residual 
radioactive contamination, and at sand 
filter beds which capture more of what 
is left 


waste water ts 


CH.E. PROFESSORS FOR 
FULBRIGHT PROGRAM 


This year, approximately 300 awards 
for United States citizens to serve as 
visiting lecturers or to undertake re 
search abroad during the academic year 
1951-52 been announced by the 
Department of State under the provi- 
sions of the Fulbright Act. Many of 
the awards are open to college profes 


have 


sors, research scholars and specialists in 
engineering and related fields 

In chemical engineering the Confer- 
ence Board of the Associated Research 
Councils, 2101 Constitution Ave., Wash- 
ington 25, D. C., indicates two oppor 
tunities. One is in the Netherlands at 
Delft Technical Institute in chemical 
technology. The research would be in 
chemical under 
Waterman 

In the United Kingdom, Kings Col- 
lege, Newcastle, a constituent college of 
the University of Durham, needs a visit 
ing engineering. 
The lecturer would be asked to take over 


technology Professor 


lecturer in chemical 
instruction in chemical plant design and 
if possible to give courses on the trans 
port and storage of materials, principles 
of automatic control 

Closing date for filing applications is 
Oet. 15, 1950. Other openings in chem 
istry and related fields are known to the 
conference board further 


tron may be obtained from it 


and mnforma- 


SNELL TO BUILD LABS. 


Foster Dee Snell president of the re 
search and engineering firm of Foster 
LD. Snell, Inc. New York 
last that contracts for 


announced 
the first 
unit of new laboratornes in Bainbridge 
Plans call for 
the erection of a single wing of a struc 
ture 


month 
had been granted 


which later will provide for four 
This first unit 


Supplec divisvon 


wings with extensions 
will be occupied by its 
conducting vitamin work and supplying 


animals to other laboratories 


The project does not envisage any 
change at present in the activities in 
New York. It does provide for future 
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: How to protect 


tanks at atmospheric 
pressure from fires 


SPECIFICATIONS: 1. Cover—cast 


aluminum. 2. Body—cast iron 
3. Flame Arrestor Bank—rolled alu 
minum. 4. Plug-——synthetic rubber 
5. Arrestor Spring—steel. 6. Retain 


ing ring—aluminum. 7. Vacuum 


ting—steel. 8. Retaining Ring 
Springq—stee!. 9. Hinge Pin—stain 
less stee!). NOTE: Bolt circle corre- 
sponds to 150 ASA unless special 
drilling specified 


Black, Sivalls & Bryson, Inc. 


Kenses City 


Tulse Obklehome City 


Pressure-Vacuum Vent Valve Flame Arrestor 2 3 4. 
and 6 inch sizes; internal opening pressure ‘ounces) mini- 
mum 05, maximum 1.75. and vacuum opening (ounces), 0.5 


Pressure Vacuum VVH Vent Valve 


(Does not include Ar- 


restor bank) Used as secondcry relief valve or. as primary 


teliet valve where Arrestor bank is not required 


= | Opening Pressure Ounces T Vacuum | 
2 3.2 

3 3.2 is os 

4 25 os 

25 os 

20 1 os 

10 20 os 

12 2.0 10 os 

1 2.0 os 

20 2.0 . os 


NOTE: Pressures in this table are for cast aluminum cover, 


and they wil! differ trom other metals 


Pressure ratings 


trequire a manutacturing tolerance of plus or minus 5 per 


cent. Vacuum opening can be increased 


FREE CHEMICAL INDUSTRY 
CATALOG 


It is brand new. Designed especially 
for the Chemical and Petroleum Indus- 
tries Proven protection for expensive 
equipment. Check, sign and mail cou- 
pon on opposite page today! 
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Operates Automatically to 
Eliminate Costly Tank Fires - a 
Materials Are Instantly Isolated. 

No Manual Attention or Snuffing Needed. 


Listed by Underwriters’ Laboratories 


FREE ANALYSIS WITHOUT 


fim Myers, FLAME ARRESTOR sales 
manager, will have a BSSB engineer 
make an analysis of your properties 
for you WITHOUT COST OR OBLI- 
GATION. Mail coupon or call GRand 
6700, Kansas City, Mo. Do it now. 


In addition to effective fire control advantages, the BS&B 
FLAME ARRESTORS may enable you to receive reduced 
insurance rates. They are listed by the Fire Underwriters 
Laboratories. 


Flames cannot penetrate the honey-combed construction 
of the all aluminum BS&B FLAME ARRESTOR bank. It is 
a neat, compact unit which becomes an integral part of 
the BS&4B VVFA Vent Valves. The Arrestor bank prevents 
propagation of flame into the tank. The Valve is designed 
to function under internal pressure or vacuum. 


Any volatile material held in tank storage without proper 
protection is a potential bomb. There is NO COST OR 
OBLIGATION to investigate BS4B FLAME ARRESTORS for 
your tanks. Do it now! 


inc 
Kenses City, 


BLACK, SIVALLS & BRYSON, 
720 Sec. 


OBLIGATION 


now BOLD SAFETY HEAD catalog. 


; ¢ 7 COMBINATION VENT VALVE 
- 
~ 
j 2 * 
> 
4 
‘ 
= 
~ 
‘ 
Here is the complete package. ARRESTOR 
bank is shown seated in the VVFA VENT 
VALVE. The suspended stee! ring holds bank 
firmly in place. Easily installed. Years of 
dependable service. 
Please have a 8548 SAFETY HEAD engineer analyze my relict 
problem. without cost. or obligation to me. 
. 


F. J. CURTIS 


P. R. TARR 


Francis J. Curtis, vice-president and director of Monsanto Chemical Co., and 
President of A.1.Ch.E. in 1949 has been appointed director of industrial prepared- 
ness for the company with headquarters in Washington, D. C. At the same time 

uro 


Philip R. Tarr, 
director. Monsanto's 
continue its Operations as formerly. 


mittee 
ing Germany's chemical industry 


chemical intelligence activities. Mr. 


pos 


ALCOHOL PLANT IN 
TRUJILLO COMPLETED 


A plant to 
from 


make absolute alcoho! 
Ciudad Trujillo, 
Dominican Republic was recently com 
pleted according to R » Aries & 
Associates, consulting engineéring firm 
ot New Vork 

The new plant, the Destileria Uni 
ersal, has a rated production of 7200 
ils. a day, or about 2.5, million gallons 
(100%) ethyl 
leohol. Jt will use about 6.5 million 
gallons of blackstrap 
thus disposal 
this sugar by-product of the island. The 
plant ts 


molasses in 


year of absolute 


local molasses 
easing the problems ot 
also equipped to produce rum 
alcohol 
local conditions, 
withstand 
earthquakes and winds with a velocity 
of 180 miles an hr 
is the generation 


over and above the absolute 
capacity. In 


hae 


view oft 
been designed to 
One of the features 
it electricity from high 
pressure steam; the resulting low pres- 
sure steam is used in the 
plant is 
automatic 
for the dehydration of the 

The cost of the alcohol plant was 
more than $600,000, and it required one 
year to complete from breaking ground 


process. The 
completely instrumented for 


benzene 


operation and uses 
alcoho 


to initial operation. The output of the 


plant will be used for blending with 


an technical representative has been appointed assistant 
ashington office, under the direction of H. W. Yeagley, will 


Mr. Curtis, a graduate of Harvard University, has been with Monsanto since 
1915. As a vice-president and director of the company, Mr. Curtis has been in 
charge of sales coordination since 1948, and is secretary of the executive com- 
In 1945 he served as technical consultant to the Chemical Corps investigat- 


r. Curtis, who was vice-president of the A.I.Ch.E. in 1948 and director 1945-47, 
is past chairman of the American Section of the Society of Chemical Industry. 
Mr. Tarr received his B.S. and M.S. degrees from Pennsylvania State College. 
During World War II, he served as — in the Chemical Corps in charge of 
arr, 
to the executive vice-president was recently app 
technical representative with headquarters in Paris. 
tponed. 


who served four years as assistant 
d M to’s European 
This assignment has been 


gasoline, of which 


about 15 million 
gallons are consumed annually in the 


Republic 


N.S.P.E..S STATEMENT ON 
COLLECTIVE BARGAINING 
The 

National 

gineers 


Board of Directors of the 
Society of Professional En- 
1121 Fifteenth St. N. W.. 
Washington 5, D. C., recently adopted 
a Statement of principles regarding 
collective bargaining by professional 
employees 
The NSPI 


collective 


has taken a stand against 
bargaining for professional 
employees for a number of years and in 
the new statement of principles, which 
obtained from the 


Washington, the 


may be group im 


stand is made more 
It maintains that it is definitely 


unprofessional for an engineer to join 


positive 


a heterogeneous labor union Some 
exceptions are made, notably tor those 
voluntarily, and for 


the engineers-in-training who join the 


who do not join 


labor union as a step toward obtaining 
practical engineering traning 

The group bases its objection on the 
fact that engineers, because they have 
individual capacities and talents, cannot 
be considered on a collective basis but 


must be dealt with individually 
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PANJAB UNIVERSITY 
NEEDS SCIENTIFIC BOOKS 


The latest books on physics, chemis- 
try, chemical and metal- 
lurgy are greatly needed at the Univer- 
sity of Panjab, in Lahore, Pakistan, ac- 
cording to information received at 
CARE headquarters, 20 Broad St., New 
York 5, N. Y. Those needs were listed 
by Mohammad Afzal, deputy registrar, 
to a CARE representative who visited 
the university to discuss the way in 
which it might best be helped through 
the CARE Book Fund. 

“Our immediate needs now,” Mr 
Afzal told CARE’S representative, “lie 
in the technical fields. It is very difficult 
to obtain such books in Pakistan—espe- 
cially the latest scientific information. 
We are reorganizing our physics de- 
partment, and we also have a great need 


engineering 


for more books on chemical engineer 
ing, chemistry and metallurgy 

Pakistan is one of 20 countries now 
reached by the book plan which CARE 
added to its food and textile package 
service last year. Americans who wish 
to help provide the books needed by the 
University of Panjab can their 
contribution to the CARE Book Fund 
at the agency's New York address or 
any local CARE office. 


send 


DEL JACK CO. FORMED 
IN LOS ANGELES 


The Del Jack Co., Beverly Hills, 
Calif. was recently organized to handle 
the equipment for the Hills-McCanna 


Co.. New York, Power Products Co., 
New York, Packing Engineering Co., 
Cranford, N. J. and the Pennsylvania 
Salt Manufacturing Co., Philadelphia 


Pa., for the latter’s corrosion resistant 
cements and paints 

Delbert E. Jack's recent return to 
California in establish his 
own company as manufacturers’ agent 
was referred to im the March issue of 
C.E.P. He was formerly vice-president 
in charge of engineering and sales for 
The Duriron Co., Inc. He retains his 
position as West Coast technical adviser 
for that company. 


order to 


CHEM. SPECTROSCOPY 
MEETING, FEB. 28-MAR. 2 


The 1951 Pittsburgh Conference on 
Analytical Chemistry and Applied 
Spectroscopy will be held at the William 
Penn Hotel, Pittsburgh, Pa. Feb. 28- 
March 2. The Conference is jointly 
sponsored by the Analytical Chemistry 
Group of the Pittsburgh Section of the 
Society and the 
Spectroscopy Society of Pittsburgh 

An exposition of modern laboratory 
feature of the 


American Chemical 


equipment will be a 
conterence 
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Series R self-priming DURCOPUMP design 


Cuts Priming Time—Increases Air-Handling Capacity 


Test records—ours and our customers’—prove that 
the Series R DURCOPUMP is the most efficient self- 
priming pump for handling corrosives. The wet end 
design, perfected after exhaustive tests and experi- 
ments, cuts priming time to one-third of that required 
by previous models while increasing air-handling ca- 
pacity many times. 

Like other DURCOPUMPS, the wet end of the 
Series R is available in any of DURCO’s corrosion- 
resisting alloys—Duriron, Durichlor, Durimet 20, 
Durco D-10, Chlorimet 2 or Chlorimet 3—as well as 
in Monel, Pure Nickel, Inconel, Ni-Resist, Nickel 
Cast Iron or Cast Steel. With such a list of alloys to 
choose from, you can obtain these improved, efficient 
self-priming DURCOPUMPS for safe handling of 
practically any corrosive. 


This drawing shows how the Series R DURCOPUMP operates in priming. When the 
pump is started, the water is thrown upward into the air seporator through port A, 
while air is drawn in from the suction line at the eye of the impeller. Water and air 
pass into the air separator. The water, baffled by plate B, returns through port C. 
The air passes into the discharge line. When the air in the suction line is evacuated, 
the impeller discharges liquor through both ports A and C. 


THE DURIRON CO., INC., DAYTON 1, OHIO 
Branch Offices in Principal Cities 


DURCO Adv. 102-6 
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NEW ETHYLENE OXIDE UNIT FOR CARBIDE 


glycol output. 


placed im Operation late in the year. 


duction ca 
and piace 


may push 


SNELL LABS. 


(Continued from page 16) 


expansion, and for long-term projects 
in a rural area where iiving costs for 
personnel are substantially lower. When 
conditions require more space, separate 
departments can be transferred from 
New York to the new location to relieve 
congestion in its present building at 29 
W. 15th St, in New York. The next 
init to be constructed will be either a 
lrafting room for its engineering de- 
artment, or a pilet plant to release the 
York at present for 


area used in New 
that purpose 


MILITARY SERVICE 


PLAN FOR §&. O. N. J. 


Standard 
Oil Company (New Jersey) called into 
the armed will be 
against financial hardship by a company 
plan. In addition to 
for dependents, the plan also 
benefits for em 
dependents Among 
it guarantees an em 
ployee his old job, if available, or as 
nearly an equivalent position as possible 
when he returns 

The company first established a pro 
gram to alleviate financial hardship to 
families of employees called to service 
soon after Pearl Harbor, and another 


Families of employees of 


forces protected 


military service 
provisions 
includes a number of 
ployees without 


other provisions 


from military service 
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Above are some of the new facilities for producing ethylene oxide at the 
Whiting (Ind.) plant of Carbide and Carbon chemical division 
and Carbon Corp. This is part of the corporation’s program to increase ethylene 


of Union Carbide 


Additional facilities at Whiting now under construction are expected to be 


At Institute, W. Va., Carbide is already producing ethylene glycol from new 
units which went into operation earlier this year. Further expansion of 
city at this plant is also under construction which will be completed 
in operation during the last quarter of 1950. Present annual rate Ss 
production for ethylene glycol in the U. S. is 210,000 tons. New facilities of all 
this figure to exceed 320,000 tons by early 1951. 


pro- 


program was kept in effect after the end 
of World War II to permit employees 
who were members of reserve forces to 
attend training encampments or cruises 
without financial loss to themselves. 

The present program, effective Aug. 
1, was decided upon when a number of 
employees who are in the reserves were 
alerted for active service and others be- 
came subject to draft calls. 

Under the program, an employee en- 
tering the Armed Services, whether by 
voluntary enlistment, draft, or as mem- 
ber of a reserve force called to active 
duty, is granted a leave of 
absence from the company. This means 
that his employment is protected and 
that his service credits for employee 
benefit programs involving length of 
service are not interrupted. 


military 


Dependents of such an employee will 
monthly payments from the 
company during the breadwinner’s per 
active military These 
payments will be equal to the difference 
between the employee's regular company 
pay and what he is paid im the service, 
with a maximum fixed at one half the 
employee's regular company pay. 

The plan emphasizes help to the wives 
and children of employees who receive 
minimum military pay. For example, 
in the case of an employee receiving a 
salary of $300 a month when he enters 
the Armed Services at $75 a month, the 
company would pay his dependents $150 


receive 


iad of service. 
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a month, or half of his civilian salary. 
If the same employee received $200 a 
month military pay, the company would 
pay his family $100 a month. 

An employee with more than one 
year's service with the company, whether 
he has dependents or not, receives a 
lump sum payment equal to two months’ 
salary when he enters military service. 
When vacations cannot be taken prior to 
entry into military service, the employee 
also will receive his vacation pay. 

Group imsurance may be continued for 
the first 90 days of military service. Ii 
the employee dies while in 
service, his dependents will receive sur 


military 


vivor benefits from the company based 
not only on company service but on 
time spent in the armed forces. 


FLUID CRACKING 
UNIT FOR GULF 


Contract for the construction of a 
60,000 bbl. /day fluid catalytic cracking 
unit was awarded early in August by 
the Gulf Oil Corp. to The M. W. Kel- 
logg Co. of New York. The plant will 
be erected at the company’s refinery at 
Port Arthur, Tex., and the anticipated 
output will be approximately 20% 
greater than that of any similar instal- 
lation. 

The new fluid unit is scheduled for 
completion during the late summer ot 
1951. Cost of the addition, with anxil- 
iary equipment necessary for its opera 
tion, will be approximately $8,000,000. 


CONFERENCE ON INDUS- 
TRIAL RES. AND DEV. 


The second annual South Dakota 
Conference on Industrial Research and 
Development will be held Oct. 13 and 
14 at the Alex Johnson Hotel, Rapid 
City, Se. Dak. 

Sponsored jointly by the South 
Dakota School of Mines and Technol- 
ogy, the Black Hills Research Institute 
and the Research and Development 
Association South Dakota School of 
Mines and Technology, the conterence, 
with an educational and informative 
objective, seeks to promote interest and 
knowledge in the need, aims and advan- 
tages of industrial research in develop 
ing the natural resources of the region 
and in furthering the development of 
regional and local industry. 

This year the conference will stress 
the aspects of industrial research applied 
specifically to regional and local interests 
in industry 

For further information and registra- 
tion write: Chairman, South Dakota 
Conference on Industrial Research and 
Development, South Dakota School of 
Mines and Technology, Rapid City, 
S. Dak. 


(News continued on page 32) 
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“We haven’t found a 
substitute yet for the 
right materials, properly 
applied, to make an 
insulation investment 
pay off” 


To be successful an insulation job must be prop- 
erly engineered. In addition, it must have these 
two important ingredients: 


1... THE RIGHT MATERIALS: service con- 
ditions vary greatly in industrial applications. 
That's why no one insulation can serve as a jack- 
of-all-trades on all jobs. For this reason, Johns- 
Manville uses asbestos and many other selected 
raw materials to produce the most complete line 
of insulations available. These insulations serve 
applications ranging between the extreme tem- 


Johns-Manville 


Vol. 46, No. 9 


Mr. Insulation says: 


peratures of 400F below zero to 3000F above. 


2... THE RIGHT APPLICATION: Here again 
Johns-Manville’s long experience in the field of 
insulation can be of value to you. Insulation engi- 
neering advice plus the services of insulation 
contractors trained in Johns-Manville methods of 
correct application are at your call. 


If you are planning an insulation job why not 
put your problem up to insulation “4 
headquarters? Write Johns-Manville, JM 
Box 290, New York 16, N. Y. vy 


—— INSULATIONS 
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MARGINAL NOTES 


News of Books of Interest to Chemical Engineers 


Control Essential to Planning 


The Organization of Industrial Scien- 
tific Research. C. E. Kenneth Mees 
and John A. Leermakers. Second 
Edition. McGraw-Hill Book Co. 
Inc. (1950) 333 pp. + viii. $5.00. 


Reviewed by George Granger Brown, 
Chairman, Department Chemical and 
Metallurgical Engineering, University 
of Michigan, Ann Arbor, Michigan 


HIS is a complete revision of an 
earlier book of the same title pub 
lished 3 years ago 
ustrial 


All aspects Of in 


and scientific research admin 
tration are covered from the general 
rinciples to the details of the design 


{ physical facilities 


Only those things can be planned which 
n be controlled, and plans are carried 
st only as long as control is effective 
he two requisites for planning are know! 
ge of the processes to be controlled and 
hysical power to control them. When plan 
! is extended to fields of which little 
is available and from things 
hich can be controlled to those which in 
nature are uncontrollable, planning 
When these principles are ap 
ied to the planning of scientific research 
¢ kinds of research which can be planned 
st are bound to be those which are least 
ndamental The last stages of devel 
ment can be planned with considerable 
Tlainty 


The 
von their 
ith the 


clusion of 


authors have naturally drawn 
extensive experience 
Kodak Co.; but the 


tatements made tn response 


own 


Eastman 


many questions asked of manufactur 

g and research divisions of other com 

nies makes the volume a concise but 
compiete treatment of scientific research 
as it is organized and administered in 
American industry 


It seems t 
most successtul 
whach the 


he generally agreed that the 
laboratories are 


director has 


those im 
assumed and exer 
control of the selec 

It has been the exper 
surprisingly large percentage 
lirectors that they have had t 
assume the responsittlity for certam inves 
tigations without the approval of-—or, in 
deed 


cirsed almost complete 
tion of work 
terme of a 


of research 


with the expressed disapproval of 
same of the other company executives 
New products are not found by attention to 
them on the vt the ot the 
laboratory The arrive spontaneously 
from the mass of ideas and 
comme trom the 
selves 


part management 
suggestions 
them- 
must 

and 
which are 
scale development lf 
ideas in a 


researcl rkers 
laborator trecttor 


intial work of 


amd the 
encourage 
then 
worth larger 
is a lack of 


nleas 


select from them those 
there 


laboratory, it is 


generally to be traced to a lack of en 
couragement of this development of ideas 
by the scientific workers themselves. This 
condition may occur in departments run by 
a dominating personality who discourages 
the ideas of others even though he may do 
sO unconsciously Healthy laboratories 
have more than the company can 
possibly develop. The problem is one of 
selection and not of origination 


ideas 


rhe various successful plans of or 
ganization and administration are pre 
sented with an open mind 

On another aspect the authors state 
that “experienced research directors have 
pointed out repeatedly that every effort 
should be made to reduce formalization 
to the 
satisfactory 


in a laboratory 
tent with 
There is 
chart 


minimum consis- 
operation 

a danger in an organization 
danger that it be mistaken for an 
organization. Advantages of functional 
that it encourages 
scholarship and the development of ex- 
it has stability and for 
the man who wants to be a specialist; 


crganization§ are 


perts ; security 
areas of 
common interest with scientists in other 
institutions. On the hand func- 
tional departments sometimes develop 
vested interests in space and facilities 
that are disadvantageous and difficult to 
deal with pro- 
motes flexibility in the use of men, 
space and facilities. It broadens the 
experience of the technical staff. It tries 
out and develops leaders at the working 
level In practice 
large laboratories incorporate elements 


it encourages more lasting 


other 


Project organization 


It gets things done. 


of both functional and project organiza 
tion. A large measure of project organ 
ization is favored for work that has 
conerete and practical objectives. 

The volume is highly recommended to 
evervone who has anything to do with 
the administration of scientific research 
whether it be in industry 
or elsewhere. It is stimulating and in 
und should be read by all those 
wish to 
stand the administrative problems con 


government, 


teresting 


research workers who under 


nected with their activities. 


Analyzing Fumes, Dusts and 
Chemicals 


The Chemistry of Industrial Toxicology. 
Hervey B. Elkins. John Wiley & 
Sons, Inc.. New York. (1950) 406 pp. 
$5.50. 


by l’olney R Crosweill, 
Naval Stores De- 
Powder Co., Wil 


Retiewed 
Manager of Safety, 
partment, Hercules 
mington, Del 
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ROTECTION of workers from in- 

dustrial poisons is primarily the re- 
sponsibility of industry. Dr. Elkins has 
written a book that will appeal especially 
to those in industry who can recognize 
this responsibility and who are in a 
position to do something about it- 
chemists and engineers. There are many 
fine books and papers dealing with in- 
dustrial toxicology “written primarily 
from the medical point of view” but the 
men closest to actual working conditions 
have long needed a book like this to give 
them a better understanding of the 
problems of the industrial physician 
Symptomology, pathology and treatment 
purposely are omitted. Emphasis is on 
the substances themselves, and the na 
ture of their more harmiul effects. This 
book is readable, the style is simple, the 
arrangement of material logical to one 
trained in chemistry. The book contains 
a minimum of terms. Refer- 
ences to the bibliography in the back of 
the book are made by the use of un- 


medical 


obtrusive numbers running consecutively 
through the entire book. 

After a chapter on definitions, Dr 
Elkins discusses evaluation of hazards. 

Chapters III-X classify and discuss 
actual and potential industrial poisons. 
Each substance is given a subheading in 
bold-faced type and under this are the 
facts of most interest concerning it. 
There, available at a glance, is the es- 
sential information on the toxicity of 
the material 

On page 102 Dr. Elkins states that 
the action of 
minor importance compared to _ its 
effects. “A single severe ex- 
posure to benzene is apparently no more 


narcotic benzene is of 


chronic 


serious than a similar exposure to many 
other solvents.” Our own experience is 
different. In plants 
using benzene for extraction over per- 


quite two large 
iods of eighteen and sixteen vears re- 
spectively, no cases of chronic benzene 
poisoning have been encountered. Dur- 
ing this time six men were overcome bv 
benzene vapors, three of whom died and 
three recovered completely 

The author of technical book 
faces the hazard of making statements 


any 


which are correct at the time they are 
written but which are incorrect by the 
time the book gets off the press. In 
relation to ethylene oxide there appears 
the statement on page 121, “No data are 


(Continued on page 24) 
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and 
PRICE 


PERFORMANCE 


Here is the famous Lapp solid-porcelain 
valve which has served spectacularly for 
many years in so many applications 
involving handling of corrosive chemi- 
cals—now reinforced for production 
security with a completely-enclosing 
shell of high-strength aluminum. Com- 
pare the table of prices for this equip- 
ment with that of lined valves, alloy 
valves, or any valves which will handle 
your difficult corrosion prob- 
lems. On a straight dollar- 
and-cents basis, the Lapp 
Armored valve of solid porce- 
lain is your best bargain in 
corrosion-resistant valves. 


WRITE for complete information 
end 

Company, Inc. Process Equipment 
Division, 0’ Maple St., LeRoy, N.Y. 


.POR VALVE APPLICATIONS INVOLVING EXTREME PURI 
OR CORROSION RESISTANCE... 


PRICE 


LAPP ARMORED PORCELAIN “Y" VALVES 


LAPP ARMORED PORCELAIN ANGLE VALVES 


LAPP ARMORED PORCELAIN FLUSH VALVES 


1%” (for 3” tank outlet) 
2” (for 4” tank outlet) .....eeeeess 205 
3” (for 5” tank outlet) 242 


PROCESS EQUIPMENT 


CHEMICAL PORCELAIN VALVES RASCHIG. 


PULSAFECOER CHEMICAL PROPORTIONING 
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MARGINAL NOTES 
(Continued from page 22) 


available on industrial poisonings.” Sev- 
eral cases of injury to the skin by 
ethylene oxide were reported last fall! 
(Richard J. Sexton and Edward V 
Henson, “Dermatological Injuries by 
Ethylene Oxide,” Journal of Industrial 
Hygiene and Toxicology, 31:297-300, 
September, 1949). 

There is particular value in the mater- 
ial gleaned by Dr. Elkins from his 
experience in industrial hygiene in the 
Commonwealth of 

The chapter on maximum allowable 
best covering of 
this subject this reviewer has seen 

The author chemicals, 
fumes or dusts which are commonly en- 
countered in air and gives the status of 
methods of analysis for each. Most of 
hese are modifications of published pro 

edures which have been used by the 

Massachusetts Division of Occupational 

lygiene and, therefore, have the advan 


Massachusetts. 
concentrations is the 


mentions 


ge of being tested methods 


boratory Fractionation 


boratory Fractional Distillation. 
Thomas P. Carney. MacMillan Co. 
New York. (1949) 260 pp. $5.75. 


Reviewed by H. H. Reamer, Califor- 
ia Institute of Technology, Pasadena, 
alif 


HE author has presented in a con- 
cise, systematic manner the rapidly 
background of experimental 
rocedures, apparatus, and 
ethods of predicting and evaluating 
¢ performance of laboratory fraction 
ting The 
erations upon which most of the pre 


rowing 
ingemous 


equipment theoretical con 
ctions have been based are simply and 
rectly stated and follow 
methods. Comparisons of predicted and 
theoretical behavior presented have not 
been carried as far as one might desire 
considering the utility and effectiveness 
of existing methods of predicting the 
characteristics of small-scale distillation 
equipment 

The approach to the selection of the 
proper column to employ for the accom 
plishment of a particular objective is 
specific and useful, Of interest to the 
student or laboratory worker who is not 
familiar with this class of apparatus is 
the description of the several 


conventional 


common 
types of laboratory columns 

Detailed and semiquantitative specific 
diagrams illustrating the construction of 
columns for 
thon are worth 
important part of the 
this book. The 


various types of tractiona 


while and represent an 
contribution of 


presentatior of the 


means of testing fractionating equip- 
ment is particularly useful and includes 
much that is relatively new. Accessory 
equipment found useful in connection 
with the operation of fractionating 
equipment is discussed. Some additional 
information concerning high-vacuum 
techniques may be necessary for the un- 
imitiated laboratory technician to under- 
take work in this field. 

A number of interesting applications 
of special fractionating colunms are pre 
sented along with a discussion of vapor- 
liquid equilibrium apparatus. The au- 
thor considers azeotropic and extractive 
distillation from a relatively descrip- 
tive standpoint and indicates the prac 
tical procedures to employ. Considera 
tion is given to micro and 
fractionation and _ limited 
made of molecular stills. 

A satisfactory bibliography and an 
extensive index are included. The book 
is clearly written, specific in detail, and 
the ¢ grams are sufficiently complete 
to permit a glass blower, familiar with 
laboratory apparatus, to build a large 
part of the special equipment described. 
It is believed that this book is primarily 
worker or the 
more advanced student confronted with 
fractionation problems 


semimicro 
mention 1s 


of use to the laboratory 


Bane of Engineer's Life— 
Writing Reports 


Practical Report Writing. Selby S. 
Santmeyers. International Textbook 
te Scranton, Pa. (1949) 118 pp. 


Reviewed by R. R. White, Professor 
of Chemical Engineering, University of 
Vichigan, Ann Arbor, Mich 


HIS book discusses the importance 

of writing good reports, their prepa- 
ration, composition and organization 
The book considers the general prob- 
lems of writing all types of reports 
rather than the writing of technical re 
ports which engineers are most 
concerned. A relatively large number 
of brief examples illustrate the various 
which the author wishes to em- 
phasize and exercises are included. The 
style of the book is clear and concise 
and the treatment of the subject is on 


with 


pont: 


an elementary level 

While the book is admirably suited to 
developing the report writing abilities 
of high school graduates, the elementary 
level of presentation does not make it 
suitable for most college graduates and 
As usual, the examples are 
all illustrative of good report writing 
experience, this reviewer feels 
that examples written poorly, followed 
by criticism, and the examples written 


well would be more effective. 


engineers 


From 
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The Impress of Authority 

Kent's Mechanical Engineers’ Hand- 
book. 12th Edition—2 Vols. John 
Wiley & Sons, Inc.. New York. De- 


Production, 1611 pp.; 

(1950) $8.50 each. 
Edited by J. K. Salis 

Carmichael and a Staff of Specialists. 


and Colin 
TANDARD in the mechanical engi- 
neering field, but perhaps not so 
well known in the chemical engineering 
field, is the two-volume (Kent's) Me- 
chanical Engineers’ Handbook. This 
new, 12th edition (the eleventh volume 
was published 12 years ago) offers the 
mechanical engineer an and 
improved version, and to chemical engi- 
neers it brings a ready handbook of in- 
formation which forms the backbone of 
mechanical engineering 

A brief word of history is perhaps in 
order. The book was first published in 
1895 by W. Kent, who edited eight edi- 
tions. Three editions were edited by his 
son, R. T. Kent, and this last and 12th 
edition is edited jointly by Colin Car- 
michael and J. Kenneth Salisbury. 

The handbook is divided into two 
parts, or volumes, as was the case with 
the eleventh edition, one volume called 
Power; the other, Design and Produc- 
tion. The Power volume covers the field 
of heat power engineering and trans- 
portation, as well as fluid flow, and both 
volumes have been organized in sections. 
Power has been organized into 20 sec- 
basic ingredients of the power 
process, air fuel, heat and steam, are 
covered in the first four; service func- 
tions of pumping and piping in sections 
5 and 6; poewer-producing equipment, 
boilers, etc., in sections 7, 8, 9 and 10; 
sections 11 and 12 are on refrigeration, 
heating, ventilating, etc.; transportation 
is covered in 13, 14 and 15; electric 
power is in section 16. Atomic energy, 
instrumentation, codes, etc., make up the 
last four sections. 

In the Design and Production volume 
which is directed primarily to engineers 
who design and manufacture machinery, 
appliances, mechanical equipment, etc., 
there are 28 sections arranged broadly 
as to selection of materials, design prin- 
ciples, design and selection of machine 
components, production processes, pro- 
duction plan equipment and mathemati- 
cal tables 

There can be no question about the 
authoritativeness and excellence of this 
handbook, since the author of each sec- 
tion is well known in his field and has 
carefully the chapter compo- 
nents 


enlarged 


trons 


written 


Book Received 
Metals at High Temperatures. Frances 
H. Clark. Reinhold Publishing Corp., 
New York (1950) 372 pp. $7.00. 


(More Marginal Notes on page 30) 
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Lancy! Bromide, of any bromides 
Dow, o weed ta the mmamfecture of 


An omer liquid. 
Molecular weight 


Boiling range at 10 mm. Hg, 
5-95%.... 136.6-193.5°C. 


Specific gravity at 25/25°C. 1.021 
Freezing point below .. 40°C. 
Refractive index at 25°C....... ... 1457 


CHEMICALS 


INDISPENSABLE TO InDUSTRY 


AND AGRICULTURE 


look to DOW for 
OM1 
grems solvent, 
ot 25°C: n-Heptane 
DOW cH ANY MIDLAND, MICHIGAR 
ff? of LAURYL BROMIDE 
The Dew Chemical Company 
= 
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Footings and Foundation 


THE LUMMUS COMPANY | 
385 Medison Avenue, New York 17, N. Y. 


LUMMUS 


CHICAGO — 600 South Michigan Avenve, Chicogo 5, tl. 
HOUSTON Mellie Esp Bidg., Houston 2, Texas 
The Lummus Company, itd. 525 Oxford London, W-1, England 
Societe Frans des lummus 
39 Rue Cambon, Paris ler, France 


bin Aad Vv 


Lummus — Edificio ‘Les Gredilles 
Esquine Les Gredilias, Coracas, Venervelo 


processes and plonts, features a 
step by step description and flow 
sheets for 3) refinery processes. 
Your copy evoilable on request 


Scheduled by Lummus means engineering and construction is a com- 
plete integration of planning, forecasting and cost control. Because 
time is money, the project is engineered from the start with emphasis 
on time-economies in the entire erection operation. Erection methods 
are analyzed in advance from the standpoint of practical applica- 
tion at the site. Problems of delivering, erecting and coordinating 
individual units into an operating whole are anticipated, with hun- 
dreds of previous records as a guide. You can count on delivery of 
an economical, well functioning plant on or before the required com- 
pletion date. 

Lummus’ wide range of experience is the key to this thorough and 
advanced method of procedure. One recent job went from letting of 
contracts to successful operation in eight months. Another complete 
foreign refinery was completed in fifteen months. Your next project, 
“scheduled by Lummus” can be the answer to realistic cost control 
and the economies that come with completion of the job on or 
ahead of schedule. 
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Hin 
<> 
1 
z } ans req y 
Site Preparation Tower Setting Start-up and Operution 
‘ 
figs 
PETROLEUM HORIZONS, the 
new 80 page book on Lummus 
Poge 26 September, 1950 ( 


CHEMICALS 


1 @ INDUSTRIAL CHEMICALS. An 
illustrated catalog of the industrial 
chemicals, their properties, grades, 
uses, packing, etc., manufactured by 
the Blockson Chemical Co, It covers 
industrially important material such 
as trisodium osphate, alumina 
hydrate, sulfuric acid, tetrasodium 
pyrophosphates, etc. Also has a sec- 
tion of tables of useful information; 
hardness of water, pH tables, atomic 


and molecular weights, units of 
measurement, temperature scales, 
ete. 


2 e DICYCLOPENTENYL ALCOHOL. 
From Rohm & Haas Co. technical 
sheets on this new compound which 
give physical properties, specifica- 
tions, structure. Section on reactions 
of the chemical, suggested applica- 
tions, etc. Makes insoluble coatings 
when polymerized, plasticizers, sur- 
lace active agents, etc. 


3 «@ PHARMACEUTICAL CHEMICALS. 
A handbook of the pharmaceutical 
chemicals manufactured by Dow 
Chemical Co. Divided into two 
parts; pharmaceutical chemicals and 
pharmaceutical intermediates. These 
sections covering about 80 different 
compounds are described in the 
same pattern—structure or formula, 
properties, specifications, packing, 
and uses. 


40506. ACETATES. Three bul- 
letins of the Niacet chemicals divi- 
sion of Union Carbide and Carbon 
Corp. cover three different types of 
acetates, vinyl acetate, a zinc acctate 
and a sodium diacetate. The bulle- 


7 @ SURFACTANTS. Antara Products 
have coined a word surfactants, 
meaning surface active agents, and 
to describe these products have is- 
sued an easy-to-read bulletin. Cov- 
ers the action of surface active agents 
acting as detergents, disperents, wet- 
ting agents, emulsifiers, etc. Final 
pages are given over to the types of 
surfactants made by Antara, their 
type, name and uses. 


8 e TUBULES. Liquid chemicals 
scaled in ampoules called Tubules 
by the Smith, New York Co., Inc., 
are listed in a new catalog by the 
company. The ampoules come in 
five, ten and twenty-five gram sizes, 
and are designed for protecting 
chemicals against change and con- 
tamination. The booklet lists 522 
compounds the company is making 
available in tubules. Prices are 
given per ampoule in lot quantity. 


9 @ COLMONOY NICROBRAZ. For 
brazing stainless steel the Wall Col 
monoy Corp. has a new heat and 
corrosion resistant alloy termed 
nicrobraz. It is a stainless type 
which can be used to braze 300-400 
series stainless steel inconel, monel, 
etc. 


10 S.P.M. Sodium Parachloroben- 
zenesulfonate Monohydrate is being 
offered by the Pennsylvania Salt 
Manufacturing Co. for evaluation. 


Cards valid for only 


A bulletin describing in detail the 
possible applications, physical prop- 
erties has n prepared. Concen- 
trated solutions of the material in- 
creases, water solubility of materials 
such as aniline, cresol, and benzalde- 
hyde. The sodium salt will act as 
a catalyst and can be used as a pep- 
tizing agent for casein soya products, 
used in pigment flushing, ore flota- 
thon, etc. 


11 @ FUNGISTAT, ‘The use of paradi- 
chlorobenzene as an effective agent 
for the control of mildew is the sub- 
ject of a technical bulletin of Mon- 
santo Chemical ,Co. Gives data on 
the control of fungi on shoes, canvas, 
wool and paper book. Various fungi 
were used, the book gives photo- 
graphs showing the protection given 
by paradichlorobenzene. Use, ree 
ommendations, limitations, and in- 
structions for handling, as well as a 
Oates are given in the bul- 
etin. 


12 @ DIALLYL AMINE. In pilot plant 
production by the Edwal Labora- 
tories, Inc., diallyl amine for use by 
the pharmaceutical, resin intermedi- 
ate, and organic industries. 


14 @ ION EXCHANGE RESIN. A new 
medium-capacity cation exchange 
resin, Amberlite IR-105G, the 
resinous products division of Rohm 
& Haas Co. It replaces two others 


six months after date of issue 
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in the company line since it com- 
bines good hydraulic behavior with 
high capacity and regeneration effi- 
ciency. Phenolic-type resin in gran- 
ular form. Notes on its behavior and 
applications are available. 


BULLETINS 


16 @ KINETIC MANOMETER. A new 
instrument for indicating flow at an 
orifice through differential pressure 
is in production by the Fischer & 
Porter Co, The pressures are trans- 
mitted pneumatically or electrically 
to remotely located recording and 
controlling instruments. Bulletin 
available. Instrument is stainless 
steel. it eliminates seal pots, mer- 
cury and other manometer fluids, 
packing gland, etc. 


17 @ HAVEG EQUIPMENT. Haveg 
Corp. manufacturer of corrosion re- 
sistant equipment has a completely 
new bulletin describing all equip. 
meat. Bulletin gives general infor 
mation and data on grades of Haveg, 
physical and chemical properties of 
the material, and shows some of its 
machining characteristics. Equip- 
ment covered is valves, pumps, pipes, 
tanks, fume ducts, towers, agitators, 
etc. Gives tables of chemical re- 
sistance of Haveg, standard dimen- 


Pustage 
Will Be Paid 


sions and sizes of all equipment, 
method of installing, threading, etc. 


18 «@ CIRCULAR BIN DISCHARGER. 
For discharging pulverized granular 
and soft materials that make puck 
or arch and refuse to discharge, the 
Stephens-Adamson Manufacturing 
Co. has a new circular bin dis- 
charger. The units are installed in 
the bin, consist of a revolving 
cone with projecting fingers which 
agitate the material over a large 
area of bin bottom. The agitated 
material is swept to a discharge out- 
let. For materials that arch in the 
bin over the cone a vane-type arch- 
breaker can be added to the top 
of the rotating cone. Three types 
are available and the model has been 
used on wood chips, ammonium sul- 
fate, cement, zinc oxide, soda ash, 
ete. 


19 « COOLING TOWER. A loose-leaf 
insert of |. F. Pritchard & Co, series 
SRF cooling towers. Redwood con- 
struction with a steel pipe distribu- 
tion system and bronze spray nozzle. 
Table gives capacity and dimen- 
sional data for six different models. 


20 @ PUMPS. A catalog of industrial 
pumps by Nagle Pumps. Shows the 
types of impellers available, gives 
data on priming, pump installation, 
materials of construction, tables of 
discharge, sizes, dimensions, weights 


me, 


PL 
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of the various kinds of pumps made 
by the company. Vertical shaft mod- 
els also. A supplement gives capacity 
curves and data on a new chemical 
pump with an open impeller for cor- 
rosive applications. 


21 « PROCESSING EQUIPMENT. A 
descriptive bulletin of processing 
equipment for the chemical indus- 
tries made by the Read machinery 
division of The Standard Stoker Co. 
Equipment described and pictured 
is elevators, dump bins, sack-clean- 
ers, blenders, sifters, mixers, acetyl- 
ators, blenders, special machinery, 


vacuum driers, etc. 


22 FLOCSETTLER. An cight-page 
technical bulletin describing a floc- 
settler of the American Well Works 
for use in waste treatment. Shows 
a description of the unit plus the 
action of mixing and blending, floc- 
culating and softening, slurry recir- 
culation, and settling. 


23 @ WATER TEST. A rapid accurate 
one-minute test for determining 
water hardness is described in a 
new bulletin by Hall Laboratories, 
Inc. Pictures procedures, reagents, 
equipment, etc. Based on a color 
change and accuracy to | p.p.m. 


24 @ AIR-RELIEF TRAPS. For venting 
air from any liquid under pressures 
such as gasoline, water, or other 
solvent, Armstrong Machine Works 
has a two-page folder describing the 
types of air-relief traps it makes. 
Shows correct installation, gives 
physical data, and prices of the traps. 


25 «@ APPLYING HEAT EXCHANGERS. 
For the engineer designing installa- 
tions which will make use of heat 
transfer equipment, Patterson Foun- 
dry & Machine Co. has a new illus- 
trated catalog on process applica- 
tions of heat exchangers. Some 16 
different types are described and il- 
lustrated, construction details, in- 
cluding tubes, codes, layout, shells, 6 
ete., are explained. Cost data are \ 
iven, process applications, and in- + 
ormation required for design, typi- 
cal flow sheets of various process op- 
erations round out the book. 
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26 e@ BATCH CONTROL. For con- 
trolling the amount of fluid going 
to a processing batch the Republic 
Flow Meters Co. has developed a 
new integrator control. photo- 
electric cell, responding to reflections 
of a light beam mounted on a rotat- 
ing integrator shaft, and an electric 
predetermined reset counter, act to 
measure a given quantity of fluid 
passing to the batch. Suggested for 
use in the chemical industries, it has 
already been used on the fluid charge 


to a pulp digester. 


27 @ PIPING. A_ descriptive data 
bulletin of the Michigan Pipe Co. 
covering wood stave pipe, wood- 
lined pipe, Saran rubber-lined pipe, 
stainless steel tubing, and monel 
metal tubing. Has tables of indus- 
tries that the various kinds of types 
serve, the pipes resistance to chem- 
ical producis, and individual bulle- 
tins on each type of pipe which give 
sizes, kinds of fixtures, weights, pres- 
sures ratings, etc. 


28 @ FLOWRITE VALVE. A series of 
diaphragm valves for pressures be- 
low 250 Ib./sq.in. and sizes ranging 
from Y% in. through 8 in. is de- 
scribed in a new publication of the 
Powers Regulator Co. A variety of 
valve bodies is available, single or 
double seat, reverse acting, 3-way. 
The diaphragm is molded Neo- 
prene; cast iron body, special alloy 
steel springs, etc. 


29 « NOBLE METAL CATALYSTS. A 
bulletin on noble metal catalysts cov- 
ering platinum, palladium, silver, 
ruthenium, osmium, and iridium is 
a publication of the Johnson, Mat- 
they & Co., Ltd., of England, but 
offered here by J. Bishop & Co., 
Platinum Works. The booklet cov- 
ers use of platinum catalysts for am- 
monia oxidation, for the contact 
and for liquid-phase reac- 
tions. Palladium is covered as a 
hydrogenation catalyst, silver for the 
dehydrogenation of alcohol. 


30 « CORROSION RESISTANT PAINT. 
Tygon plastic paints, series K and 
series TP are explained in a publica- 


OR F 


— 


REE DATA 


tion of the U. S. Stoneware Co. An 
extensive table on the chemical re- 
sistant characteristics of Tygon paint 
tells where and when not to use the 
material. Table of recommended 
wimers and surface treatments and 
ints on how to get the best results 
to protect metal surface, application 
to other surfaces, technical data, etc. 


31 @ HEAVY DUTY MOTORS. Heavy 
duty d.c. motors: for constant and 
adjustable Bulletin gives 
mechanical design, construction fea- 
tures, data for selection, dimensions, 
instructions for ordering. Reliance 
Electric & Engineering Co. 


32 @ PINCH VALVES. For handling 


33 @ PACKAGING METER. 


highly abrasive solids-in-suspension 
or corrosive fluids, the Fiexible 
Valve Corp. developed a line of 
natural and synthetic rubber pinch 
valves. These are described in a 
brochure covering applications, de- 
scriptions of all pinch valves, infor- 
mation on how valves operate. 
Tables with dimensions, list prices, 
etc. 


A folder 
illustrates a packaging meter which 
automatically dispenses any preset 
quantity from | to 100 gal. for fill- 
ing drums or other containers. The 
dial which is preset will return to 
zero after each delivery. Made by 
Bowser, Inc. 


Cards valid for only 


34 @ DEHYDRATING AGENT. Filtrol 
Corp. four-page bulletin on the use 
of Desiccite, dehydrating agent. 
Used in the confectionery, pharma- 
ceutical, food and chemical industry. 
Supplied in various sizes and vari- 
ous packages. Gives complete de- 
tails, technical data, uses, etc. 


35 @ ROTARY PUMP. A De Laval 
bulletin on a new rotary pump for 
the chemical process industries. A 
general service screw-type pump de. 
si for petroleum products a 
other light or viscous fluids. Capa 
ties to 85 gal/min., pressures to 1! 
Ib./sq.in. Complete details, tech 
cal data, dimensions, performan 
data, etc. 


36 @ WATER PROBLEMS. Hall La 
oratories, Inc. in a brochure ¢ 
plain the services rendered for co 
sidering the complete water probl 
of an industry. Explains the orga 
ization of Hall technical staff, a 
how engineering specialists consid 
all the multiple water needs in 

industrial process. 


EQUIPMENT 


40 @ STAINLESS STEEL VALVES. Com- 
plete new line of stainless stee 
valves gate, check, and globe ty 
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various weights and sizes which are 
now in production by  Pacif« 
Valves, Inc. For use in refineries, 
chemical plants, food, pharmaceuti- 
cal, etc., where corrosion or metal 
contamination is a problem. 


4) HYDRAULIC LIFT DISSOLVER. 
Standard dissolvers for plant opera- 
tions, but with the impeller raised 
and lowered hydraulically to clear 
the top of containers are new with 
the Cowles Co., Inc. Two models 
are in production. One bringing 
15-40 hp. to the dissolving operation 
will lift 54 in. and swing through 
an arc so that containers can be set 
on the perimeter for continuous op- 
eration. The other model lifts 38 in. 
and brings 15 hp., 1800 rev./min. 
to the dissolving operation. 


42 @ PUMPING CONTROL. A control 
© start and stop pumps, increase or 
ecrease the speed of one or more 
maintain a predetermined 
wessure at any point on a distribu- 
ion system, automatically adjust 
yressure and flow to suit varying de- 
xands is a new development of 
uilders-Providence, Inc. The con- 
rol consists of a flow-determining 
veans, a pressure or level-sensing de- 
ice and a mechanism to translate 
his information into a control lunc- 
ion, Reduction of power costs, more 
fheient operation of pumps and 
limination of station attendants are 
few of the advantages claimed by 
he manufacturer. 


e INDUSTRIAL COOLING FAN. A 
igh efhciency axial fan for use in 
ndustrial installations, engine jacket 
ater coolers for natural gas, gaso- 
ine, diese! engines, vertical air dis- 
harge condensing units, air and 
ater coolers are new with the Kop 


pers Co., Inc. The fans are produced 
on principles used in making auto- 
matic variable pitch aeroplane pro- 
pellers. According to the manufac- 
turer increased efficiency gives a 
10% hp. saving. Sizes from 6 to 
20 ft. in diameter, with the largest 
delivering half-million cubic feet 
of air per minute. 


44 @ VACUUM PUWP. A two-stage 
vacuum pump for dehydrating and 
testing refrigeration and air-condi- 
tioning units is a es of 
the Beach-Russ Co. Replacing an 
older model of the company, im- 
provements have made it lighter and 
more compact with a faster pump 
down a vacuum. 1/3 hp. and 
weighing 80 Ib., it is readily portable. 


45 FLOW METER. An _ electronic 
flow meter of the Potter Aeronautical 
Co. has been developed for use in 
chemical and industrial plants. It 
makes use of a rotor which spins 
within a venturi rotor and magnet 
spin within a nonmagnetic housing. 
An external pick-up coil connected 
to an electronic integrator or total- 
izer computes the flow. The sensing 
unit is available in sizes ranging 
from % through 31% in. Operating 
temperatures from 4° abs. to 1000° 
F. and housings withstand pressures 
up to 5000 Ib./sq.in. Special hous- 
ings can be supplied for pressures up 
to 20,000 Ib./sq.in. 


46 @ JET SYPHONS. A 21-page cata- 
log describing a full line of steam 
jet syphons made by Schutte & 
coerting Co. It is in three parts 
covering the design, application, 
construction of operation of the 
syphons; special purpose and corro- 
sion resistant syphons; and typical 
applications of steam jet syphons in 
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the pumping, heating and mixing of 
liquids. Color drawings are used 
throughout the descriptive bulletin. 


47 «@ GRINDING MEDIA. Nonmetal- 
lic ball mill grinding media, made 
of Borundum is announced by the 
U. S. Stoneware Co. The material 
is heavier and tougher than previous 
grinding media and resembles syn- 
thetic sapphire in composition. Ac- 
cording to the company announce- 
ment t weigh 75-80% more and 
are up to 50%, harder than conven- 
tional-type balls. They are in tubu- 
lar shape to provide a greater contact 
area and are in the sizes 13/16 in. 
O.D. by 13/16 in. long. Perform- 
ance data are available. 


48 @ OSCILLATING FEED. To dis 
tribute evenly and uniformly upon 
a conveyor, any loose, flaky, or 
granular material, Proctor & 
Schwartz, Inc., are making a hy- 
draulically powered oscillating feed. 
Feed from a chute passes to the 
oscillating conveyor which deposits 
the material evenly and uniformly 
over a feed belt. It may be manu- 
factured in various sizes according 
to customer needs. Hydraulic power 
gives a simple and accurate control 
speed and oscillation travel. 


49 @ UNIVERSAL STEAM TRAP. Velan 
Engineering Co. is making a steam 
trap interchangeable through vari- 
ous sizes of piping containing an 
integral strainer, glass inspection 
a check valve and air vent. Bul- 
etin available which explains the 
features and fundamentals of this 
and other steam traps. 


50 @ VARIABLE SPEED DRIVE. Ihe 
Link-Belt Co. has a new line of 
automatic speed controls for the 
variable 5 drive that it manu- 
factures. The new control is avail- 
able in four basic tvpes—clectronic, 
hydraulic, pneumatic and mechan- 
ical. A new bulletin illustrates 
the controls and how, with the 
variable speed drive, it automatically 
controls eight sizes of machines— 
from | to 25 hp. with speed ratios 
of 6:1. 


51 @ PORTABLE MIXERS. A new 
model portable mixer with plain 
and direct drives, and geared types 
in Y%, Ye and &% hp. sizes, is de- 
scribed in a new bulletin from The 
Patterson Foundry & Machine Co. 
Bulletin shows agitators plus dimen- 
sions and sizes, rev./min. from 420 
to 1725 available with both open 
and motors. Adjust- 
ment makes the mixers adjustable 
to any angle of operation—vertical 
or sidewise. 
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Used to introduce chlorine gas into a chlorinator 
at 100 deg. F., these Hastextoy alloy reducers 
are still in operation after one year's service. 
The material previously used, iron-silicon alloy 
castings, failed because of poor mechanical 
strength. 


The cost of each Haste voy alloy reducer 
has been about seventy cents a day, based on 
actual performance records to date, and since 
the reducers are still in service the final cost 
figure will be even lower. 

The reducers were fabricated from HasTeLLoy 
alloy C sheet. Ten-gage sheet was cut to size, 
rolled in the shape of a cone, and then welded 
to form the body. The top and bottom flanges 


HAYNES 


were circle-cut from 12-gage sheet and then 
welded to the body. The assembly was then 
solution-treated to impart maximum corrosion 
resistance. All welds were made with a Hetianc 
torch using alloy C bare drawn wire. 


The story of these reducers proves once again 
that Haste voy alloys resist severe corrosion 

. are easy to fabricate . . . and are economical 
to use. They could be the solution to your cor- 
rosion problem. Fill out the coupon below for 
the new 40-page booklet giving the full story of 
the four grades of Hasretstoy alloys. The 
booklet will help you select the grade you 
think most suited to handle your problem. 


“Hastelloy”, “Haynes” and “Heliare™ are trade-marks 
of Union Carbide and Carbon Corporation or ite U nits. 


Haynes Stellite Division - Union Carbide and Carbon Corporation 
725 S. Lindsay Street - Kokomo, Indiana 
Please send me without obligation o copy of the 40-poge 


_ Haynes Stellite Division 
Union Cerbide and Carbon Corporetion 


| 
| longer life 
+ 4 
i 
USE THIS 
HANDY booklet “Hasteuoy Nickel-Bose Alloys” 
\, Compomy 
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CANDIDATES FOR MEMBERSHIP IN A. I. Ch. E. 


The following is a list of candidates 
for the designated grades of member- 
recommended for elec- 
tion by the Committee on Admissions. 

These names are listed in accordance 
with Article III, Section 7, of the Con- 
stitution of A.I.Ch.E. which states: 


ship in A.L.Ch.E. 


Election to membership shall be by vote of 
the Council epen recommendation of the Com 


APPLICANTS FOR 
ASSOCIATE 
MEMBERSHIP 


Richard D. Boutros, Ro- 
chester, N.Y. 


Peter P. Chevis, Pullman, 
Wash. 


W. H. DeLany, Jr., Pitts- 
burgh, Pa. 


Chuk Ching Ma, New Or- 


leans, La 


APPLICANTS FOR 
JUNIOR 
MEMBERSHIP 


John M. Allen, Jersey City, 
N. J. 


Fred J. Attaway, Jr., Baton 
Rouge, La. 

Jehn A. Grand 
Forks,, N. D. 

George E. Barker, Detroit, 
Mich. 

D. A Beaty, Waynesville, 


A... Waynes- 
bero, 

John Betley, Am- 
bridge, Pa. 

C. Brock, Brooklyn, 


Donald H. Col- 
lingewood, N. J. 

Salvatore 
Rome, N.Y. 

Thomas R. Campbell, 
Lancaster, Ohio 

Cangemi, Albany, 


James John Carberry, 
Notre Dame, Ind. 

ate, A. Chabot, Fall River, 

Mass. 

Richard C. C. Chang, 
E. Syracuse, N.Y. 

J. Frank Cheely, Baton 
Rouge, La. 

Robert C. Clarke, 
McDonald, Pa. 

Vyvyan Stanley Clift, Les 
Angeles, Calif. 

Johan W. Colbert, Ottawa, 
Ont. 


Admissions 


Mike G. Collins, Charles- 
ton, W. Va. 

Orrin K. Crosser, Kent, 
Ohio 

Louis L. Czyzewski, 
Chicago, Ill. 

Paul T. Davis, Seminole, 
Ohla. 

Kenneth D. Downing, De- 
troit, Mich. 

W. Bruce Drinkhouse, Jr., 
Easton, Pa. 

Robert A. Ebel, Oak Ridge, 

enn. 

Garner D. Farrell, Jackson, 
Mich. 

Norton D. Fern Il, Bala- 
Cynwyd, Pa. 

Mark B. Fries, Dower, Del. 

Stanley T. Gadomski, 
Pitteburgh, Pa. 

Gerald N. Gilbert, Jr., 
W. Reading, Pa. 

John M. Gilmore, Akron, 

Th R. Gl 
Sayreville, N. J. 

Robert W. Hanak, Ken- 
osha, Wis. 

Gerdon L. Hanks, Warren, 
Pa. 


John J. Harris, Houst 


mittee on Admissions. The sames of all sppli- 
cantse who have been approved as candidates by 
the Committees on Admissions, other than those 
of epplicants for Student membership, shall be 
listed in an oficial publication of the Institute. 
If no objection is received in writing by the 
Secretary within thirty days after the mailing 
date of the pablication, they may be declared 
elected by vote of Council 
election of any candidate is received by the 
Secretary within the period specified, said ob- 
jection shall be referred to the Committees on 
which shall investigate the cause 
for such objection, holding communications 


in 
Couneil 


If an objection to the 


W. Kelly, Jr., 
Stillwater, Okla. 
Ralph C. Kersten, Detroit, 
Mich. 
Krishna K. Khandelwal, 
lowa City, lowa 
Leonard Krawitz, Brook- 
lyn, N.Y. 
Joseph C. Landwehr, New 
Orleans, La. 
Robert M. Latimer, 
port, Ky. 
Ralph P. Levey, Jr., Oak 
Ridge, Tenn. 
Robert A. Longmire, 
Baton Rouge, 
Charles F. W. Luecke, St. 
is, Mo. 
Richard Lynn McCall, 
Huntingdon, Pa. 
John H. McCarthy, Baton 
Rouge, La. 
Donald C. McGehee, De- 
troit, Mich. 
C. Gene McGlone, 
Haute, Ind. 
Russell G. McKenzie, Los 
Angeles, Calif. 
Kisan K. Mehta, Cam- 
bridge, Mass. 
Donald R. Miller, Jenkin- 


town, Pa. 


New- 


Terre 


Tex. 

Donald R. Hecox, E. St. 
Louis, lil 

Arthur W. Helwig, 

, Mo. 

Hugh B. Henderson, Long 
Beach, Calif. 

George O. Herold, Phila., 
a. 


Arthur E. Hoffman, Long 
Island City, N. Y 
Byrd Hopkins, /ndian 
Orchard, Mass. 
Russell A. Ibson, Montreal, 
we. 


Robert B. Jagers, Detroit, 
Mich. 


Bazle Karim, East Pakistan, 
India 


Arnold Kaufman, New 
York, N. Y. 


Ray G. Kehn, Orange, Tex. 


Jack Keller, Galveston, 
ex. 


Kirk- 


Richard H. Miller, New 
Branswick, N. J. 

Ed M. Milner, McRae, Ga. 
Irving Moch, Jr., New 
ork, Y. 

Elbert E. Moore, Jr., 
Baton Rouge, \ 

A. H. Peters, Jr.. Mt. 
Pleasant, Tex. 

James L. Potter, Gibson 
Island, Md. 

John J. Lawrence- 
burg, Ind. 

Joseph M. 
Woodstown, N. 

Marvin L. Rambo, 
N.Y. 


Paul L. Raymond, Beverly, 

Mass. 

Charles C. 
Grasselli, N 

Basil Joseph 
Chicago, /il. 

Willard Phili 


Rhodes, 
alf port, Miss. 
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ce, and make recommendations to the 
the 


Aidat 


4ist 


Objections to the election of any of 
these candidates from Active Members 
will receive careful consideration if re- 
ceived before Oct. i5, 
Office of the Secretary, American In- 
stitute of Chemical Engineers, 120 East 
New York 17, 


1950. at the 
4 


John W. Salter, Wester- 
ville, Ohio 

Adolph David 
Cincinnati, 

John W. Schell, Evie, Pa. 

Antonio Sefair, Jr., 
Bogota, Colombia 

Vance E. Senecal, Pitts- 
burgh, Pa. 

Shaffer, Chicago, 


William Sherman Shelow 
Ill, Memphis, Tenn. 

Howard |. Sinnamon, 
Philadelphia, Pa. 

Charles A. Sleicher, Jr., 
Providence, R. 1. 

B. B. Smith, Houston, 
Tex. 

James A. Smith, North- 
ampton, Pa. 

William D. Southard, 
Roselle, N. J. 

O. Lewis Staerker, 
ville, Tenn. 

Howard R. Steele, Niagara 
Falls, N. Y. 

William James Stenger, 
Wheeling, W. Va. 

Bartholomew J. Taranto, 
Englewood Cliffs, N. J. 

John F. Taylor, Berkeley, 
Calif. 

F. Thorndike, Lima, Peru 

Richard Lee Thorstenberg, 
Ponca City, Okla. 

Furman D. Tindal, Naval 
Base, 

Robert A. Vandegrift, 
Wilmington, 

Robert G. Vande Vrede, 
Clifton, N. J. 

Max A. Vogel, Amherst, 
Va. 


Nash- 


William M. Westhoff, 
Flashing, N. Y. 

Herbert A. Whitehead, 
Los Angeles, Calif. 

Junior W. Whitney, 
Metuchen, N. J. 


Thomas F. Wolfe, Jr., 
Wilmette, iil. 


Earl Dana York, Maple- 
wood, N. J. 


Martin ‘i. Ziv, Phila., Pa. 
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SECRETARY'S REPORT | 
S. L. TYLER 


HE Executive Committee met in the 
offices of the Institute Aug. 11, 1950. 
They approved the Minutes of the | 
Executive Committee meeting of July 7, | 
the Treasurer's report and bills for the 
month. They proceeded with the ap 
proval of the election of those listed in 
July C.E.P. providing no adverse com 
ments were received from the member 
ship and as none were received prior to 
those listed 
were elected to the grades of member- 
ship indicated 
Robert R. Rothfus was 


counselor of the 


the closing date, Aug. 15 


appointed 
student 
Institute of 
C. Monrad 


Phe Committee received a report from 


hapter at 
Carnegie Technology to 


succeed C 


the Awards Committee giving the names | 
of the recipients selected to receive the 
Professional Progress Award in Chem 
ical Engineering, the William  H. | 
Walker Award and the Award: 
a complete announcement will be made 
Harry McCormack was appointed as 
representative ot the Institute to attend 
the annual meeting of the National | 
Council of State Boards of Engineering 
Examiners in Chicago, Oct. 9-11. 1950 


Junior 


Six resignations from membership 
were received and ace epted 

N. D. Steele was appointed a member 
ot the Local Sections ( 
senting the Texas Panhandle Section 
and R. G. Rhodes to the Public Rela- 
tions Committee representing the same 
section. 

At the request of the Power Test | 
Codes Committee of the A.S.M.E., H. F 
Newman was appointed on its subcom 
mittee on Centritugal and Rotary 
Pumps. 


ommittee repre 


It was reported that the Institute 
had been invited to participate in the 
Centenmal of Engineering, 1952, to be 
held in Chicago, celebrating the 100th 
Anniversary of the founding of the 
AS.C.E. and that President W. L. 
McCabe had been appointed a member 
of the board of directors of the Cen 
tennial. An exhibition at the Chic ago 
Museum of Science and Industry is 
planned which will stress the importance 
ot engimeering in all walks of life: the 
Institute will appoint an advisory com 
muttee to work with those arranging for 
these exhibits 

The budget for 1950 was reviewed in 
the light of six months’ experience and 
a projection of probable 
tor the 


expenditures 
balance of the year. It was 
thought to be in order and showed that 
the Institute 
meome 


was operating within its 
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CHECK THESE 


BE U BUY A 


LE ETECTOR 


VERSATILITY: Pressure or vacuum syscems tested with equal 


ease, rapidly and accurately. 


EASE OF MAINTENANCE: crectrical chassis are ac- 


cessible, front and rear, without removal and during operation. 
Vacuum-system construction minimizes need for servicing. 


COMPACTNESS: Well-designed cabinet has over-all di- 
mensions 22” x 25” x 43” and is mounted on rubber-tired ball- 
bearing casters for portability. 


A-€C AMPLIFIER: Modulated ion beam allows use of in- 


directly coupled amplifier, thus eliminating the usual d-c ampli- 
fier troubles such as zero drift, instability, etc. 


AUDIO-ALARM SYSTEM: Permits remove operation, 


Variable pitch of the alarm is proportional to the size of the 
leak. 


WO WATER--NO BATTERIES: Only external connec- 


tion is to a standard 115-v 60-cycle a-c line. 


QUICK STARTING  poiisned stainless-steel vacuum sys- 


tem with large passages shortens pumpdown time to 30 min. 
from a cold start. 


ONE-PIECE, RUGGED VACUUM SYSTEM stock. 


resistant manifold machined from a solid block of stainless steel. 
External components assembled to block with standard O-ring 
gaskets. 


OWE COLD TRAP: Centrally located. Traps condensables 


from sample and back flow from diffusion pump. Minimizes 
consumption of refrigerant, either liquid nitrogen or dry ice. 


10. QUALITY ENGINEERING AND DESIGN: Manutac- 


factured by the leader in the field of mass spectrometry, built 
and tested to the same rigid standards as the Consolidated Mass 
rometers; the Consolidated Leak Detector offers all of the 

ve features PLUS all of the features of competitive instru- 


Factual proot that a 


CONSOLIDATED LEAK DETECTOR 


is the best that money can buy 


Write for Bulletin CEC-1801-X 18. 


CONSOLIDATED ENGINEERING 
CORPORATION 

Analytical Instruments for Science 
620 N. LAKE AVE., PASADENA 4, CALIFORNI. 
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| MARGINAL NOTES 
Never underestimate | 


your cost of material 
handling by Industrial Electrochemistry, Third 


. Mantell. McGraw-Hill 


old-fashioned | Publishing Co, New York. (1950) 


Reviewed by Marvin J. Udy, Consult- 
methods ing Engineer, Niagara Falls, N. Y 


N THIS new edition Dr. Mantell has 

greatly increased the data and infor- 
mation over that contained in the orig- 
inal 1931 and 1940 editions. The number 
of pages has been increased to 752 from 
501. By careful selection of data and ar- 
rangement Dr. Mantell has been able to 
allow much of the old to remain and to 
bring in new material from the develop- 
ments of the past 20 years 

The book, well balanced between the 
theeretical and the practical, is de 
signed for the practical chemical engi 
neer as well as for the student. The ex- 
panded theoretical data in chapters 1 


to 6 are adequate for most purposes 

the finest pro- pury 
duction machinery where sound engineering application is 
is je. However, involved and also for most theoretical 
production and cost problems. In the chapters covering pri- 


mary and seconds ~ells electro- 
accounting authorities ar) and secondary cells, the electro 
: refining of metals and the electrowin- 


ning of metals, the practical applications 
| and data are of value to both engineer 
and student. Likewise, the chapters on 
the electrolysis of alkali halides and sul- 
fates and the electrolysis of fused salts 

| contain much valuable data 
In the division on electrothermics, Dr. 
Mantell has condensed a wealth of mate- 
| rial into a small number of pages. This 
division covers the electric furnace in 
the production of steel, foundry metals 


and alloys, calcium carbide, calcium cy 
animide, ferrosilicon, ferromanganese, 

now Ajay 10 -V YO R ferrochromium, ferrotungsten, ferromo- 
lybdenum and many other alloys, as well 
T C oO Ss T as phosphorus and ferrophosphorus. The 


data are general, but are about the best 
available for these industries 


Exclusive fie tp Wero There is nothing in the volume con- 
nd to wh cerning electromagnetic electro 


static separation of minerals. Electro- 
magnetic processes are in use in many 
industries, notably of recent date in the 


sink and float process tor the recovery 
3. No exposed bearings, no eccentric shafts, a0 idler and of ferrosilicon and magnetite from the 
pulleys. flotation process. Whether electromag 
netic separation or electrostatic separa 


tion can be classified as an electrochemi- 
cal process or not is a matter of opin- 
ion. It would seem, however, that it 
would have a place in a book of this 
character. Electrostatic precipitation is \ 
well covered. All in all the volume is + 
well done. Dr. Mantell has had many of 
the foremost men in the industry supply 
important data and review and criticize 
the chapters and material 
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ted 
| 
|) in pounds, tons, dollars or 
all three, material handling cost 
Only three basic parts pan or tube... vibrating mech- 
Covered pan or tubular Lo-V. gas-tight construction: 
by leading chemical, food, foundry and other manufacturers, 
“AJAX FLEXIBLE COUPLING CO. INC. ‘WESTFIELD, N. Y. 


How Apt Is the Scientist? 


The Development of a Test for Select- 
ing Research Personnel; Man-Power 
Branch, Human Resources Division, 
Office of Naval Research; American 
Institute for Research, Pittsburgh, Pa. 


Reviewed by M. G. Shepard, Devel- 
opment Manager, Naugatuck Division, 
U.S. Rubber Co., Naugatuck, Conn 


T HIS is a report in pamphlet form of 
the second in a series of projects be- 
ing studied under the sponsorship of the 
Office of Naval Research by the Amer 
ican Institute for Research. The Insti- 
tute has undertaken for the Office of 
Naval Research to conduct an investi- 
gation the purpose of which is to de 
velop more adequate methods for the 
selection and evaluation of scientific per- 
sonel for research and engineering 
work. The entire program consists of 
five steps as follows: 


1. Determination of the critical require- 
ments for successful participation im 
research and engineering work 

2. Development of an aptitude test for 
the selection of scientific personnel 

3. Development of tests to measure pro 
ficiency in specific areas of scientific 
work 

4. Development of procedures for evalu- 
ating the job performances of scien- 
personnel 


5. Determination of the predictive value 


of the tests developed in steps (2) and 
(3) using the procedures developed in 
step (4) to obtain evaluations of per- 
sonnel for comparison with test pre 
dictions 


The present report is a description of 
the procedures used in the development 
of the aptitude test required for the ful- 
fillment of step (2); the first step was 
completed as an earlier project. The re 


port states the objectives : to develop test | 


items needed to predict the behavior of 
the subject in regard to certain critical 
factors indicated to have a bearing on 
the requirements for successful partici- 
pation in research and engineering work 
brought out by the studies made under 
step (1) of the long-range program. The 
methods of development of the test 
items are described in considerable detail 
and some specific examples are given. 

This report should be of interest to 
anyone concerned with the development 
of aptitude tests for scientific personnel. 
When the entire long-range program is 
completed it should be of interest to 
research and personnel directors or 
others having anything to do with select 
ing and evaluating scientific personnel. 
It is to be hoped that the work being 
undertaken by the Office of Naval Re 
search will accomplish something really 


worth while in this direction 
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5 square MILES oF 


ADSORPTIVE SURFACE 


Dryer than the desert—extremely porous—the 
multitudinous particles in a sack of FLOREX 
FULLERS EARTH have a total surface area be- 
yond belief, and an adsorptive capacity un- 
equalled by any other natural material with 
which we are familiar. 


If you are an industrial user of adsorbents for 
any purpose, Florex and other products of the 
Floridin Company should be of interest to you. 


FLOREX FULLERS EARTH 


High-pressure extrusion insures maximum effec- 
tiveness. 


BAUXITE-BASED ADSORBENTS 


Write for full data. The advice of a competent 
technical staff is offered. Your inquiry will get 
prompt attention. 


COMPANY 


Adsorbents... Desiccants ... Diluents 


Dept. O, 220 Liberty St., Warren, Pa. 


FLORIDI 
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(News cont. from page 20) 
| STEVENS INSTITUTE TO 


Readco Spiral Ribbon Mixers § TEACH MARKETING 


Industrial employees and engineering 


Avoid Costly Unmixed Volume, students will be taught how to market 


the products of industry in new market 
cate Mi H we ing and research courses to be given 
a Increase Mixing Efficiency — this fall by the Graduate School of 
Stevens Institute of Technology, Ho 
boken, N. J 

Courses have been arranged so that 
students will get a good idea of all the 
opportunities in the distribution field 
and be better prepared to advance in 
such positions. Industrial marketing 
will be presented as including research, 
advertising, sales administration, serv 
ice, policies, product design and packag 
ing, and application engineering, as well 
as industrial salesmanship. 

With more than 50 cents of every 
consumer dollar going to distribution, it 
is vital to the economy to find the most 
efficient methods of distribution, just as 
engineers have increased efficiency in 
production through time studies and 
other methods, it was explained today 
by Prof. Calvin H. Brainard, of the 
Stevens faculty, who planned the 
courses 

Most of the classes will be given in 
the evening by full-time faculty mem 
bers or lecturers connected with related 
businesses. There will be some day-time 

Quilt in classes open to advanced undergraduate 


batch ities students as well as graduates 


of from 1 ww, ft. CHEMICAL CONFERENCE 
to 500 ev. fr. FOR SOUTH 


Plans have been announced for a 
Counter-flow action insures rapid, efficient 
‘ ly Oc l¢ 18 

mixing without material build-up at the ends 


News of the regional conference, second 
of its type and largest ever to be held 
These mixers are of the double-ribbon type, with welded agitator in this area, was released by a joint 
and discharge through a flush plug discharge gate. Ground fillets committee of the American Chemical 


Society and the Southern Association of 
on the agitator prevent build-up of masses during mixing. ; = 
Science and Industry. The two orgami 


At the discharge point, a liquid-tight flush plug discharge gate zations are acting as joint sponsors of 
eliminates any build-up of dead material at this point. Thus, mixing the meeting, which is designed to accel 
efficiency is increased and operating costs reduced proportionately. 


erate Southern progress in all tields of 
chemustry 
Special technical sessions will be de 


Options: Models for operation under pressure or full vacuum... 
spray nozzles if required . . . with or without temperature con- 
trolling jackets . . . structural steel legs or floor brackets of various chemical education, and industrial chem 
heights to suit aperating conditions . . . flush plug or slide gates ... istry. A chemical industries session will 


special units custom-built for batch capacities above 500 cv. ft. occupy one full day of the program 
with reports on opportunities for plastics 


voted to physical, inorganic, organic, and 


industries expansio petrol um m 
NOW . . . Continuous Mixing! Readco offers continuous dustries, quality control in food and 
mixers as well as batch mixers. Write for complete details. drink industries, and development ot 
new chemieal products from Southern 
Literature ond prices on Readce Spiral Ribbon Mixers ore available on request. raw materials 
A copy of the complete program for \ 
READ MACHINERY DIVISION the Southwide Chemical Conference, 
ef The Standard Stoker Company. Inc. data on reservations, and other informa 


tion on the meeting may be obtained 
YORE 5. PENNSYLVANIA from SASI Headquarters, 5009 Peach 


tree Road, Atlanta 
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MANAGING TECHNICAL 
OPERATIONS 


(Continued from page 12) 


Marketing New Products 


Let us assume that we are on the man- 
agement level of a chemical company with 
the problem in cooperation with production 
and sales executives of determining the 
course of action that should be taken on the 
manufacture of « new chemical somewhat 
foreign to our normal line of business. The 
first problem is to determine our production 
excellence. Do our research, our develop- 
ment, our engineering, our construction, 
and our production divisions have the neces- 
sary experience, the necessary ability to 
handle this new chemical. In other words 
can we do the job well. Second, we take 
a look at our sales competence. Does our 
advertising department know how to handle 
the advertisement of this particular type of 
specialty product. Are we set up for the 
proper trade promotion. Do we know the 
trade practices in this field. Do our selling 
techniques fit in with the established prac 
tices in the market that this chemical must 
meet. Can we interest others permanently 
in what we can do 

Third, we endeavor to determine the 
economic soundness of our proposition 
What is our present technical status on the 
development of this new chemical. What is 
our raw material situation. What will be 
our production problem. What will be our 
cost of producing and our cost of selling 
Finally, what is the legal situation sur- 
rounding this new chemical. In other words 
we determine shall we do it at all. 

What our assignmeht boils down to is 
asking ourselves annoying questions and 
then finding the answer. Often a particu- 
larly annoying question is “why should we, 
rather than some other company try to do 
this job?” If this other company makes 
materials we have to buy in order to do 
our job what will we do if it decides to 
compete? How many chemical routes are 
there for making this new chemical? Are 
some other ways inherently superior to 

A difficult question is the estimation of 
our present or planned position versus the 
actual or potential position of our existing 
or possible future competition. We always 
must remember that competition ts dynamic 
There is no final outcome, its merely the 
relative position in many races. In the final 
analysis this relative position ts determined 
entirely upon who can give the greatest 
value to customers 

Of all the questions we ask, those ques- 
tions dealing with the economic soundness 
of our problem are the most critical. It 
doesn't help to make the chemical well or 
to make skillful public offerings if it 
shouldn't be done in the first place. These 
questions on economic soundness imvariably 
center around what might be termed the 
market situation. If this chemical that is 
new to us is old in the sense that it is an 
established chemical then we must deter 
mine on what basis we can become a sup- 
plier. Is the supply of the chemical short 
or can we improve the quality to a signifi 
cant degree because we have an improved 
process, Or can we simply produce and sell 
a product competitive quality-wise but at a 
reduced price because we have an improved 
process or a special raw material situation 
lf our chemical is an entirely new one why 
should any one want to make it. Just how 
much time and money are required to deter- 
mine the interest in this new product of 
ours and as a corollary to that question 
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440 Fourth Ave., 


Either 1 


Employed by 


INDUSTRIAL 


Save Hours of Research 


CHEMICALS 


w 


\ 


that ie very 


By W. L. FAITH, Corn Products Refining Co... DON- 
ALD B. KEYES, Heyden Chemical C orp., and RO! 
L. CLARK, Mellon Institute for Industrial Research. 


‘ALD 


Now one handy volume gives you the essential technical and economic data on 
106 major chemicals. The suthors have chosen chemicals that are manufactured 
at least in part, by synthetic or biochemical methods. This has made it possible to 
include nearly every synthetic chemical of major economic importance 


industrial Chemicals presents the same data on several chemicals that should be 
of importance in the near future 
thoroughly presented 
ing. selling or using commercial chemicals 
research . » Gives you vital, practical knowledge. Read it for ten days without 
risk. Send the coupen now 


Here is a host of information—clearly and 
important to anyone engaged in manufactur 
This new book saves you hours of 


ANSWERS 10 VITAL QUES- 
TIONS ON EACH CHEMICAL 


Name and chemical formula 
Manufacturing processes in 
current use, inclading simpli 
fied flow sheets and important 
process variables 

Equations for the principal 
reactions involved average 
yield expectation in per cent of 
theoretical yield 

Kaw material requirements 
per unit of commercial product 
In some cases, atility and labor 
requirements are shown 
reduction chart for the past 
20 years 

treneralized use pattern 

Price chart for the past 20 
seare 

Miscellaneous data, including 
physical properties commer 
celal grades, shipping regule 
and wrual containers 


economic aspects generally 
historical data. 
discussion of competitive prod 
vets and processes recent 
trends in manufacturing and 
sales, actual and economic 
plant size, end approximate 
plant cost 


A map showing the location of 
manufacturing facilities in the 
United States 


“52 pages 


ON APPROVAL COUPON 


10 dave 


Name 


Address 


will remit $8.00 plus postage 


JOHN WILEY & SONS, INC., Dept. CEP-950 
New York 16, N. Y. 


approval, please send me /ndustrial Chemicals by Faith, Keyes and Clark 
or 1 will return book postpaid 


Zone Ntate 


(Offer not valid outside U. 8 
C) SAVE POSTAGE. Check here if you enclose $4.00 on 10-day money back guarantec 
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how much time and money can we afford to 
gamble. Whether the chemical is new or 
old can we make it enough cheaper than 
both today’s and tomorrow's actual probable 
selling prices to pay for doing the job and 
still have something left over for next 
year's job 


Analysis of Market 


The techniques of market analysis are 
still in an embryonic stage. Since its ob 
jective is to expand sales volume, it is too 
frequently contused with sales promotion. 
Market analysis should be the collecting and 
analysis of the significant technical and 
economic background facts that are perti- 
nent to the company’s present and planned 
operations. | believe that in order to have 
an unbiased market analysis group, rather 
than a sales promotion group, it should be 
independent of the sales division. Probably 
the best arrangement is for the market 
analysis group to be entirely a staff func 
thon 

In our company in the technical organiza 
tions we start planning operation at the 
development supervisor level which 1s our 
tithe tor the development group leader. 

| When the research chemist turns over to 
SWIVEL FLANGE the development division a small sample of 
. a new chemical with a suggested process the 
first step is to determine the probable manu 
facturing cost of this chemical. This is done 
by taking the research yields and determin 
ACID-PROOF PAINT |} ang the ‘etal raw material cost which in 
cludes any extra materials or royalty pay 
ments. A probable flow sheet of the process 
is sketched roughly and by using what is 
essentially Chilton’s method, plant equip 
ment costs are determined. The building 
and utility costs are determined on the basis 
of our experience at different plant loca- 
tions. From this plant cost we determine 
amortization breaking this down into floor 
space expense, machine depreciation, taxes, 
and wsurance. The direct and imdirect 
labor is estimated and the various depart 
mental supplies such as steam, electric 
power, reirigeration, water, machine main- 
tenance, plant cleaning and minor altera- 
tions are also estimated. To these costs we 
add a charge for development and research 
expenses, a charge for warehousing and 
shipping, as well as any transportation cost 
li this new chemical ts to be sold outside 
our company a figure based on experience 
is assumed for commercial overhead. Hav 
ing the total cost of our product we then 
in cooperation with the sales department 
assume a selling price. Having cost, selling 
price, and working capital, the annual new 
earnings or savings are determined and the 
General Ceramics can always meet your needs annual return after taxes on total capital 
~ as well as the profit per sales dollar ts 
whether they're for towers or tees. A General pa hee 
Ceramics Engineer will be glad to confer with you, Obviously, the calculation of costs before 
survey your needs and make his recommendations manufacturing development is even started 
without obligation to you. His suggestions will is subject to considerable error. However, 
help you beat the problems of corrosion. Write we do feel that it at least gives us the in- 
today for Bulletin R. formation necessary to determine whether 


SAVE 3 WAYS WITH sss* we can play in the same ball park as our 


competitors, 


lf we decide to go ahead with the manu 
Savings throagh enitormity of constrection ne misfits. 


facturing development of our new product 


Savegs on shipping costs ene shipment for everything. then the technical phases of the problem 
= are reviewed by the group leader with the 
Savings paper work, accounting ... one ender, one BAL 


manager of the experimental station on a 


weekly basis. Costs of carrying on the work 


General Ceramics AND STEATITE CORP. are reviewed monthly. Periodically the 


group leader submits a chart of his progres$ 
CHEMICAL EQUIPMENT DIVISION by giving his current thinking on the ques- 


tions detailed below 
35 Crows Mill Road Keasbey, New Jersey 


Sales Offices om. QUPFALO, CHICAGO, LOS ANGELES, PITTSBURGH, Chart of Progress 
PORTLAND, ORE, SAN FRANCISCO, SEATTLE, TACOMA, MONTREAL, 
TORONTO, VANCOUVER, 8. C. I. What is the New Product 


a. In what sense is it new 


b. Why do we wish to introduce it? 
*Simgle Source of Supply. @ 0735 
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Who will buy it? 

What is the market in volume and 
history 

Vhat is the competition / 

How should it be promoted and sold? 
How should the new product be 
packaged ? 

Are customers now equipped to han 
die our new product? 


. Raw Materials Situation 


Are raw materials readily available? 

b. How many sources of supply? 

c. Does supplier need to build facilities 
to supply our needs * 

d. Should we develop our own raw ma 
terials? 

ce. What would be involved to so do? 


Ill. Present Status of Development 


a. What difficulties have been solv ed? 

b. What difficulties remain? 
When do you think development 
could be finalized ? 
How could development be speeded ? 
Do you feel further improvements 
can be made? 
Are you satished with evaluation 
testing 
If work has not started, how impor- 
tant do you think a high priority on 
the work is? 
What experimental station, labora 
tory, or production plant should do 
the development and why? 


Production 


a. Can the product be made in an ex- 
isting plant 

b. What changes in an existing plant 
are needed? 

c. What would a new plant be like? 

d. What production difficulties do you 
foresee 


Cost 


a. What will a new plant cost? 

b. How many years should be allowed 
for amortization ? 

c. What is the materials cost? 
What do you think direct labor will 
cost’ 

e. What do you think indirect labor will 
cost ? 

f. What do you think utilities will cost? 

g. What is the calculated production 
volume at which profit occurs ? 


Vi. Legal 


a. Is ownership of the new product es- 
tablished ? 

b. What patent disclosures have been 
submitted ? 
Are competing patents in existence? 
Do government regulations on health 
or safety restrict production or sale 
of the new product? 

e. Is special labeling required ? 


While the group leader's answers to these 
questions are valuable to the management 
planning group their chief value is in help 
ing the group leader plan intelligently on a 
commercial basis his own development pro- 
gram 

Further, we want to develop technical 
personnel to be future sales, production and 
technical executives 

Only those technical organizations that 
are staffed by men who combine business 
judgment with their technical skill can 
pertorm satisfactorily m competitive m- 
dustry. 


(Address aiven bhetore Pittsburgh Local 
Section, AIChE.) 
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VERTICAL 
ACID ano CHEMICAL PUMP 


The vertical acid pump illustrated here shows how Lowrence 
engineers met a particularly difficult pumping problem. Chemical 
action made it imperative to eliminate packing. While packing is 
used below the top bearing to confine fumes, it does not come in 
contact with the acid because the liquid level of the supply tank is 
kept below that point. This construction is typical of Lawrence ad- 
vanced engineering design. 

Other design features of Lawrence pumps for acids and chemi- 
cals include the use of metals and alloys carefully chosen to give the 
best possible protection against the corrosive and abrasive action 
of the liquid pumped, as well as structural strength 
and long wear. 


MACHINE & PUMP CORPORATION 
375 MARKET STREET, LAWRENCE, MASS. 
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c. . 
e (Right) Structural detaih of 
Send fer bulletin 203-4 fore 
complete summary of acid and 
chemical pump dete. 


*Article in 


& BE. News 
Vol. 27 — 499 


Alkalis, Salt, Oil and Water 


“Prufcoat proven superior to all other 
of America’s largest chemical companies, 
alter eight years’ experience with Prut- 
coat. And this is just one of many reports 
on file testifying to the effectiveness of 
Ptufcoat’s famous liquid plastic formula- 
tions in controlling corrosion caused by 


Send today for a Prufcoat PROOF 
Packet. Contains in one easy-tofile folio 
outside laboratory tests. case histories, 
and Prufcoat ProtectoGraph Plan for 
analyzing your own painting maintenance 
costs. Write Prufcoat Laboratories, Inc., 
63 Main St., Cambridge 42, Mass. 


8 Attractive Colors 
Like Paint 


thot 


to Masonry, Metal, Wood 


LOCAL SECTION NEWS 


TIDEWATER VIRGINIA 
CHEMICAL ENGINEERS’ 
CLUB 


\ representative group of chemical 
engineers from the Richmond-Hopewell 
Petersburg area has formed the Tide- 
water Virginia Engineers’ 
Club following a preliminary meeting 
held late last year in Richmond and a 
subsequent one at which 40 people were 
present. Officers and directors elected 
for the current year are as follows: 


Chemical 


President—-R. E 
Richmond, Va 

Vice-President-—-R. L. Baber, 
Process Co., Hopewell, Va 

Secretary—RK. W. Nash, Du Pont Ca, 
Richmond 

Treasurer—P. E. Graybeal, 
Powder Co., Hopewell 

Directors (in addition to the officers) : 
W. D. White. H. K. McKenzie, 
R. B. Arnold, M. J. Bogese 


Clark, DuPont Co, 


Solvay 


Hercules 


The‘first program meeting of the club 
was held June 14, 1950, near Hopewell. 
After a reception, dinner and short 
business meeting 53 members and guests 
heard W. E. Pratt 


consultant 


chemical and cor 


rosion for Worthington 


Pump and Machinery Corp., speak on 
“Corrosion.” 

Three additional meetings are planned 
for this calendar year 


Reported by R. B. Arnold 


MARYLAND 
The first meeting of the 1950-51 pro- 
gram of this section will be held Oct. 10 
at the Tap Room of the Johns Hopkins 
Faculty Club. The speaker will be Guy 
N. Harcourt of the Blaw-Knox Co., 
who will discuss “Vacuum Drum Dry- 
ng.” 
Report d by Alan Beerbower 


OKLAHOMA 

This section held a joint meeting with 
the N.E. Okla. section of the A.C.S 
July 13 at the Phillips Apartment Hotel 
in Bartlesville. Approximately 130 
members and guests attended. Dr. Ken 
neth M. Watson spoke on “High Pres 
sure Vapor-Liquid Equilibria in Hydro- 
carbon Systems.” Dr. Watson reviewed 
past and current work on _ idealized 
vaporization equilibrium ratios 


Reported by George E Hays 


WINNER OF CECIL TROPHY AWARD IN TULSA 


J. E. LATTA 


E. C. CARLSON 


Eugene C. Carlson has been selected as the recipient of the first annual Cecil 
Award presented by Tulsa Section of A.1.Ch.E. He was selected from among five 


men who competed for the award during 1949. His paper, “Octane Re 


of Present and Future Automotive E 
1949, meeting of the section. Here J. E. 
is presenting the trophy. 


ines,” was presented at the 
tta, chairman of the awards committee, 


This award is known as the Cecil Trophy and was donated by L. K. Cecil of 
Infileo, Inc., who was one of the founders of the Tulsa Section. The competition 
was initiated in order to arouse interest among young engineers in A.I.Ch.E. and 
to familiarize them with the problems of preparing and presenting technical papers. 
Contestants are rated upon delivery, timing, appearance, enunciation, organization 
of material, quality of slides and knowledge. 
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SOUTHERN CALIFORNIA 


At its monthly dinner meeting Aug. 
15, 1950, at Scully's Restaurant in Los 
Angeles, 80 members and guests were 
present. Dr. Olaf A. Hougen, professor 
of chemical engineering, University of 
Wisconsin, and visiting professor ot 
chemical engineering at the University 
of California, was the guest speaker and 
his subject was “Exploratory Methods 
in Thermodynamics.” 

Dr. Hougen presented exploratory 
methods in thermodynamics calculations, 
which are of special value for use in 
engineering, -where experimental data 
are not complete or where extensive 
computational services are either un 
available or unwarranted. These meth- 
ods are a particularly useful tool for the 
process engineer as a guide for experi- 
mental work and as a preparation for 
more precise calculations. Examples 
were presented dealing with the con 
struction of various thermodynamic 
tables and charts for problems dealing 
with power and heat requirements 
vapor-liquid equilibria, and catalytic 
conversion, 

The July dinner meeting was held on 
the eighteenth, at the Elks’ Temple in 
Los Angeles with some 75 members and 
guests present. The section's guest and 
speaker was Dr. Warren McCabe, 
President of A.I.Ch.E., who discussed 
“The Institute—-1950 model.” Spe- 
cial emphasis was given to the growth 
and service of Chemical Enginecring 
Progress 

Of historic interest to this section, 
J. G. Dean, who has been a member of 
the Institute since 1908, presented a 
picture of the Twelfth Semi-Annual 
Meeting of A.LCh.E., which was held 
in Montreal in 1920. Many prominent 
members of the Institute, including a 
number of national officers were identi 
fied by Mr. Dean and Dr. MeCahe 


Reported by William J. Baral 


COASTAL GEORGIA CHEM- 
ICAL ENGINEERING CLUB 


The second meeting of the chemical 
engineers m the coastal Georgia section 
was held July 14 in Savannah. A total 
ot 56 persons attended from Savannah 
Brunswick, and Charleston, S. C 

A. R. Bookout of Hercules Powder 
Co., Brunswick, gave an interesting 
talk on the high pressure laboratory at 
the Hercules Experiment Station, Wil 
mington, Del 

Following Mr Bookout's speech a 
short business meeting was held. At 
this meeting it was decided to hold the 
next meeting of the organization in 
Brunswick Sept. 15 


Reported by FE. O. Barnes 
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HILLS-McCANNA 
Diaphragm Valves 
for automatic or 
remote operation 
The extreme flexibility of Hills)McCanna dia- ; 
' phragm valves makes it possible to satisfy virtually . 
r any preference or requirement in the use of mechan- 
A ical operators. All of the operators listed above plus 
4 others are applied to standard Hills-McCanna sliding stem i 


operating methods. 
Designed especially for conveying “hard-to-handle” fluids 

such as acids, alkalis, volatile and viscous substances, slurries, 
semi-solids, etc. Hills-/McCanna diaphragm valves give you the 
advantages of “special” design on a standardized basis. Sizes range 
from %” through 14” (not all methods of operation are available 
in all sizes); pressure up to 150 psi; temperatures to 180°F. (some 
applications to 220°F.). Write for complete information, HILLS- 
McCANNA CO., 2438 W. Nelson Ave., Chicago 18, Ill. 


y valves to provide complete units that utilize your existing ~ 


* 


HILLS-MCCANNA 
Saunders patent diaphragm values 


Proportioning Pumps 
Porce-Feed Lbricators +» Magnesium Alloy Castings 
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New help in problems of 
analysis and synthesis 


UNIT 
OPERATIONS 


By GEORGE GRANGER BROWN 


amd Associates 


Built around principles common to 
many different operations, UNIT 
OPERATIONS clasihes and cowers 
them logically, in these groups 


@ Solids 

@ Fiuide 

@ Separation by Ideal or Equilibrium 
tages 

@ Kates of and Mase Transfer 


This grouping permits using methods 
of general applicability and reduces 
the emphasis upon specialized pro 
cedures, The book presents a “way 
dutinct trom mechan 
al metheads for solving problems 


of thinking 
that has proved most helptul 


Outstanding features of the book are 


@ First new one on unit operations im 
1) years 

@ Consistent nomenclature shows how 
sperations are related 

@ Large charts 

@ Thorough descriptions 

@ Numerous lustrations 


@ tomplete 


equations 


anily reed 


of equipment 


derivations of theoretical 


September 
412 double column pages 


586 dius 87 50 


PXAMINE BOOK FOR DAYS 


MEETINGS 


Annual—Columbus, Ohio, Neal 
House, Dec. 3-6, 1950 


Technical Program Chairman: Jobe 
Clegg, Battelle Memorial Institute, 
Columbus, Ohio 


Regional White 
Springs, W. Va., 
March 11-14, 1951 

Technical Program Chairman: 
Walter E. Lobo, The M. W., 
Kellogg Co. 225 Broadway, New 
York, N. \ 


Regional—Kansas City, Mo., 
Hotel Muehlebach, May 13-16. 
1951 

echnical Program Chasrman : 
Walter W. Deschner, J. F 
Pritchard Co. Kansas City, Mo 


Annual — Atlantic City, N. J., 
Chalfonte-Haddon Hall Hotel, 
Dec. 2-5, 1951. 


Sulphur 
The Greenbrier, 


SYMPOSIA 
Air and Water Pollution Control 


Chairman: Richard D. Hoak, Mellon 
Institute of Industrial Research, 


a meeting cannot be considered. 


FUTURE MEETINGS AND SYMPOSIA OF A.I.Ch.E. 
Chairman of the Al.Ch.E. Program Committee 
George E. Holbrook 


Room 7406 Nemours Bidg., 
E. L. du Pont de Nemours & Co., 
Wilmington, Del. 


Authors wishing to present papers at a scheduled 

should first query the Chairman of the A.I.Ch.E. Program Committee, George 
E. Holbrook, with a carbon copy of the letter to the Technical Program Chair- 
man of the meeting at which the author wishes to present the paper 
carbon should go to the Editor, F. J. Van Antwerpen, 120 East 4Ist Street, 
New York 17, N. Y. If the paper is suitable for a symposium, a carbon of the 
letter should go to the Chairman of the Symposia, instead of the Chairman of 
the Technical Program, since symposia are not scheduled for any meeting until 
they are complete and approved by the national Program Committee. Betore 
authors begin their manuscripts they should obtain from the meeting Chairman 
a copy of the Guide to Authors, and a copy of the Guide to Speakers. The 
first book covers the preparation of manuscripts, and the second covers 
the proper presentation of papers at A.1.Ch.E. mectings. 
papers are judged at every meeting and an award is made to the speaker 
who delivers his paper in the best manner. Winners are announced in Chemical 
Engineering Progress, and a scroll is presented to the winning author at a 
meeting of his local section. Since five copies of the manuscript must be 
prepared, one should be sent to the Chairman of the symposium and one to 
the Technical Program Chairman of the meeting, or two to the Technical 
Program Chairman if no symposium is involved and the other three copies 
should be sent to the Editor's office. Manuscripts not received 70 days before 


University of Pittsburgh, Pitts- 
burgh, Pa. 
M eeting—Columbus, Ohio 


Chemical Engineering in Glass 
Industry 


Chairman: F. C. Flint, Hazel-Atlas 
Glass Co., Washington, Pa. 
Mecting—Columbus, Ohio 


Processing of Viscous Materials 

Chawman: W. W. Kraft, The Lum- 
mus Co., 420 Lexington Ave., New 
York, N. 

Meeteng—Columbus, Ohio 

Phase Equilibria 

Chairman: W. C. Edmister, Car- 
negic Inst. of Tech, Pittsburgh, 
Pa 

VW ceting—Columbus, Ohio 

Relationship Between Pilot-Scale 
and Commercial Chemical En- 
gineering Equipment 

Chairman: Walter E. Lobo, The M. 
W. Kellogg Co. 225 Broadway, 
New York, N \ 

Meetong—White 

* 


Sulphur Springs, 


meeting of the A.LChE. 


Another 


Presentations of 


ON APPROVAL COUPON 


JOUN WILEY & SONS INE 
Dept. CEP 


440 Fourth Ave New Vork 16. N. ¥ 


Please send me, on 10 days’ approve 

copy of BROWN S UNTT OPERATIONS 
If | decide to keep the book I w remit 
$7 tu postage 


return the book postpaid 


otherwise | will 


Name 
Address 
City 


Kmployed by 
Offer not walid outside 
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NEW ORLEANS 


The speaker for the Sept. 7 meeting 
of this section at the St. Charles Hotel 
was C. F. Prutton, vice-president and 
director of operations of the Mathieson 
Chemical Corp. He discussed com 
mercial applications of chlorine dioxide 
These 


of comparatively recent date 


include its application as a bleaching 
ygent in the pulp and paper industry 
is a decolorizing agent to up-grade 
fats and oils and as a deodorizing 
went for municipal water supplies 
Of particular interest to Louisiana 
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engineers is the final passage of a 
registration law for all engineers. This 
law will become effective as soon as the 
new board works out the administrative 
details 


Reported by Ralph M. Perseli 


NORTHERN CALIFORNIA 


At the July meeting held at El Cur 
tola Restaurant in Oakland, attendance 
was 100 

W arren 
charge of research, Flintkote ¢ orp and 
President of A.I.Ch.E., talked on the 


McCabe, vice-president in 
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Institute and its sections. Dr. McCabe 
discussed the organization and functions 
of the committees, finance and other 
problems, and the dependence of the 
national society on the size and activity 
of its membership. Pointing out that 
the total membership is now more than 
10,000 he estimated on the basis of the 
growth curves for societies of other 
branches of engineering that all tend to 
level off at about 25,000 members. 


Reported by J. V'. Hightower 


SOUTH TEXAS 


The regular monthly meeting of this 
section was held in Houston on July 14, 
1950. No inspection trip was scheduled. 
Sixty-four members foregathered in the 
early evening to eat dinner at the Ala- 
bama Banquet Room and to hear an 
address by Prof. W. K. Lewis of M.1I.T 
Professor Lewis spoke on “Engineering 
as a Profession.” 


Reported by G. T. McBride, Jr 


INDUSTRIAL NEWS 


(Continued from page 32) 


NEW RESEARCH LAB. 


FOR STAUFFER | 


Stauffer Chemical Co. announced the 
construction of a new research and de- 
velopment laboratory at Dobbs Ferry 
N. Y., to get under way at once. When 
completed, the building will house the 
research staff of the company’s Eastern 
division now scattered at several loca 
tions m and around New York City 
Five large laboratories for various re- 
search projects, administrative offices, 
technical library, workshop and storage 
and service areas will be provided. All 
rooms and laboratories will be air-con- 
ditioned and equipped with a wide va- 
riety of the most modern equipment 

Stauffer’s Chauncey plant is located 
nearby and will furnish facilities for 
pilot plant testing of products and proc- 
esses developed at the new laboratory. 
John F. Crowther, director of the firm’s 
Eastern research division, will be in 
charge 

The Stauffer Chemical Co., 65 vears 
old this year, operates 30-odd plants in 
almost every industrial area of the coun- 
try. Other chemical research laborator- 
ies are located at Los Angeles and at 
Richmond Francisco), Calif. 
where Dr. Chester L. Arnold, director 
of the company s researc h and dev elop 
ment department, makes his headquar- 
ters. The company also operates an 
agricultural chemical research labora- 
tory at Los Altos, Calif. 
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This Program Gives You 
PERMANENT PROTECT ION 


To help you permanently control corrosion of process 
equipment, and reduce equipment maintenance costs, Haveg 
Corporation offers you this 2-point program: 


1. Personal cooperation in the engineering and instal- 
lation of Haveg equipment 

2. Complete manufecturing facilities to mold Haveg 
equipment to fit your individual needs 


This means a permanent solution to your corrosion prob- 
lems. That's because molded plastic Haveg is resistant 
throughout its entire mass to practically all acids, bases and 
salts; to chlorine and many other corrosives. Moreover, you 
have equipment virtually tailor-made for longer service life, 
improved production. Many standard shapes available from 
stock—including tanks, towers, piping, fittings, valves, etc. 
Write for new Haveg Engineering Bulletin F-6. 


HAVEG CORPORATION 


NEWARK 99. DELAWARE” 
FACTORY: MARSHALLTON, DEL. - TEL. WILMINGTON 3.8884 — 


AY 
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The SHARPLES 


Super-Centrifuge 


A HIGHLY VERSATILE 
PROCESSING TOOL 


OPERATING AT THE 

HIGHEST CENTRIFUGAL 

FORCE COMMERCIALLY 
AVAILABLE... 


The Sharples 
comtinvous centrifuge of the tubular 
bow! type which develops a centrifngal 
force equal to 15,200 times gravity -and 
upwards 

Chemical, pharmaceutical, food, and 
other industrial plants throughout the 
using Sharples 
Super Centrifuges on a great range of 
products which varies from the refining 
and the degumming of vegetable oils, 
the production of 


Super Centrifuge is a 


world, are at low cost 


blood plasma, the 
selective clariheation of lacquers and 
enamels, and to the purification of lubri 
cating and fuel oils 

The Sharples Super Centrifuge is a 
versatile processing tool Many profitable 
innevations efhorent processing have 
begun with an investigation of the 


Sharples Super Centrifuge. 


THE SHARPLES CORPORATION 


(Gm 


2300 WESTMORELAND ST. + PHILADELPHIA 40, PA 


enartie 


(ompowes ond eventohves 
Throwyhout the Word. 


Los awaniss 


| Columbia University and 
| here to become an American citizen. He 


PEOPLE 


PROMOTED TO ASST. MGR. RES. 


E. W. VOLKMANN 


E. W. Volkmann has been appointed 
an assistant manager of the research de- 
partment of Koppers Co., Inc., Pitts- 
burgh, Pa. with the responsibility for 
the laboratory and development sec- 
tions. 

Dr. Volkmann, a native of Germany, 
was graduated from the University of 
Koenigsberg with an M.E. degree in 
1924. He then came to the United 
States, receiving his Master's and Doc- 
ter’s degrees in chemical engineering at 
remaining 


joined a predecessor company of Kop- 
pers as a chemical engineer in 1926, but 
left to complete his postgraduate work. 
Subsequently he returned to Koppers as 
assistant technical director of its tar and 
chemical division in 1934 and has been 
associated with the research department 
since 1940. 


NOW A CONSULTANT 


ARNOLD BELCHETZ 


Arnold Belchetz, formerly chief tech- 
nologist for Shell Petroleum Corp. and 
later head of the new processes depart- 
ment, The M. W. Kellogg Co., is now 
practicing as a consultant to the - 
troleum and chemical industries. ir. 
Belchetz was at one time director of 
research and development for Stauffer 
Chemical Co. His consulting offices are 
located at 125 Woodbine Avenue. 
Larchmont, N. Y. 
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CHANGES AT MONSANTO’S 
SPRINGFIELD PLANT 


Eli Perry has been appointed an 
assistant director of research of Mon- 
santo’s Chemical Co.'s plastics division. 
Robert W. Jones has been appointed a 
group leader in the research department. 
Both are located in Springfield, Mass. 

Mr. Perry, who has been a member 
of the research staff since his gradua- 
tion from the University of Pennsyl- 
vania in 1942, was one of the first Mon- 
santo employees to be selected under the 
company’s program providing academic 
leaves of absence with full pay. He re- 
ceived an M.S. in chemical engineering 
trom M.LT. in 1947. 

Mr. Jones was employed by the plas- 
tics division in 1946 after several years 
of service as an officer of the U. S. 
Navy. He is a graduate of the Univer- 
sity of Michigan with a B.S. in chemical 
engineering and mathematics. 


OLIN INDUSTRIES 
ACQUIRES J. B. WEAVER 


James B. Weaver has been appointed 
technoeconomist in the commercial 
evaluation department of Olin Indus 
tries, Inc. Olin Industries is the parent 
of the Western Cartridge Co. and the 
Winchester Repeating Arms Co 

Weaver, a chemical engineer, attended 
the Massachusetts Institute of Technol 
ogy where he received his Bachelor's 
degree in 1944 and his Master's degree 
in 1947. Prior to earning his Master's 
degree, Weaver taught in the chemical 
engineering department there 

From 1945-50 Weaver was with 
Godfrey L. Cabot, Inc., chemical manu- 
facturers, both as pilot plant supervisor 
and as assistant to the director of re 
search. He has had experience in chem 
ical engineering and administration. 
research accounting and budgets, re- 
search reporting and chemical market 
research. His product experience has 
been mainly in the production and use 
of industrial chemicals, particularly 
carbon black. 


W. C. Beekley, president of Whit- 
lock Manufacturing Hartford, 
Conn., was recently elected vice-presi 
dent of the Tubular Exchanger Manu- 
facturers Association, Inc. T.E.M.A. is 
an association of tubular exchanger 
manufacturers, formed several 
ago for the purpose of establishing and 


years 


maintaining highest possible standards 
fabrication and perfor- 
mance of shell and tube heat-transtfer 
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BECOMES CONSULTING 
ENGINEER 


MAX LEVA 


Max Leva, formerly with the U. S. 
Bureau of Mines as a project research 
leader, is now a consulting chemical en- 
ag with headquarters at Pittsburgh, 

a. He is engaged in equipment and 
process development, design and tech- 
nical writing. With the Bureau of 
Mines he worked on synthetic liquid 
fuels development and fundamental re- 
search in fluid flow, catalysis and heat 
transfer. Mr. Leva was associated at 
one time with Blaw-Knox Co., and Vul- 
can Copper & Supply Co., having done 
general engineering design, proposal 
work and pilot plant studies on alcohol, 
acetic acid and synthetic rubber projects. 
He holds a B.S. in chemical engineering 
from the University of Cincinnati and 
an M.S. in chemical engineering from 
the Carnegie Institute of Technology. 


William M. Campbell, formerly an 
instructor in chemical engineering, 
University of Illinois, Urbana, is now 
associated with the Atomic 
Project, National Research 
Chalk River (Ont.), Canada 


Energy 
Council, 


David A. Trageser is now associated 
with Dewey and Almy Chemical Co., as 
a chemical engineer in the manufactur- 
ing department. He was formerly assis- 
tant professor in chemical engineering 
department, Massachusetts Institute of 
Technology, Buffalo Station school of 
chemical engineering practice. 


Darrel E. Mack, professor of chem- 
ical engineering, chemical engineering 
department, Lehigh University, Bethle- 
hem, Pa., has been appointed director of 
the curriculum in chemical engineering 
Dr. Mack is a graduate of Purdue Uni 
versity and has been a member of the 
faculty at Bethlehem since 1945 


Donald D. Lee is now manager of 
the technical section of the Sabine River 
Works of Du Pont Co., Orange, Tex. 
Dr. Lee was formerly located at 
Charleston, W. Va.. as assistant tech- 
nical superintendent, technical section 
Relle Works of Du Pont 
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Need a 


TROUBLE-FREE VACUUM PRODUCER 


GASES and VAPORS $ 


IF you have been haviag trouble, or paying high maintenance and repair costs, due 
to the operation of vacuum ng equipment under corrosive conditions, we recom- 
mend that you try one of the new line of PEDERSEN Steam Jet EJBCTORS for 
corrosive service. 

PEDERSEN EJECTORS are now available in any material, such as Monel 
stainless steel, ni-resist, etc., which can be machined and which will properly resist the 
corrosive action of the particular gas to be 
handled. As these ejectors have no moving 
parts—and, therefore, require no lubrication 
—repair and upkeep expense is negligible. 


PEDERSEN EJECTORS can be furnished 
in single, two, three and ‘ 
in all capacities, and in either condensing 
or non-condensing types to conform to the 
requirements. 


Every PEDERSEN unit is anteed 
ve the maximum of long ike end oub 
ree performance. 


Write for booklets describing types and 
specifications. 


J.D. PEDERSEN 
JEANNETTE, PENNSYLVANIA 


3 stage 
material for handling HC! vapors 


Pritchard’s ff 


ejector made of 


New 
HYDRYER™ 


@ For Efficient Drying of Compressed 
Air and Other Gases 

@ Packaged Units for Instrument Air 
and Industrial Processes 

@ Only Service Connections Required 


Pritchard HYDRYERS are unexcelled for efficiency 
and dependability in drying air for instrument and 
— process controls. Standard packaged units are designed 
to reduce dew points of compressed air and other gases 
to minus (—) 40° F. No special installation required. 
Specially designed units may be built to your re- 
quirements. 


Write for FREE Bulletin No. 16.0.080 * Registered 


Trade Name 


DIVISION 


J 


Producers 


ouatity 


TLE 


Dept. No 4 


le Co. 


908 Grand Ave, Kansas City 6, Me 


Speciohzed Process 


District Offices: 
EQUIPMENT 


Chicago + Houston + New York + Pittsburgh + Tulse + St. Lovis 
Other Representatives in Principal Cities from Coast to Coost 
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GREBER, CHIEF ENGI- 


BETTER NEER FOR SCHENLEY 


Arthur C. Greber, Cincinnati, has 
been appointed chief engineer of Schen- 
ley Distillers, Inc., according to an an- 
nouncement by E. S. Monohan, vice- 
president. Associated with the distilling 
company's engineering department since 
1943, Greber has been serving as engi- 
neering manager prior to this latest pro- 
motion. He succeeds E. S. Monohan as 
chief engineer, the latter formerly hav- 
ing held this title along with that of 
operations manager. 


NEEOLE weve 


SOL 


A. C. GREBER 


HILCO Continuous Vacuum Pump Oil Purifying System. 
Oil purified at a fraction of a cent per gallon. 


You know that... 


HICH VACUUM PUMPS REQUIRE CLEAN OIL! 
free from abrasive solids, varnish forming tances and especially 


volatile contaminants which raise vapor pressure and decrease pro- 
cessing efficiency 


that of} can be purified easily by complete removal of all contaminants 
en & continuous, full-flow basis after each pass through a vacuum 
resulting in continuous pomp operation at maximum efficiency 

in elimination of of] waste 


THE HILLIARD CORPORATION, 144 W. 4th ST., ELMIRA, N. Y. 
| According to the announcement, 


in Canede, ON-BRADEEN- JAMES, Limited, 990 Boy Terente 3464 Park Ave, | 


Write for 
Bulletin R-160 


Greber will be responsible for all engi- 
neering work throughout the company’s 


Clean—Leakproof Filtration 


includes supervision of all design, con- 


ji 8. tch | struction and maimtenance, and all engi- 
es — or on neering operation methods. His office 
. | will continue to be in Schenley’s Cin- 


cinnati production headquarters 
; RIVER sy @ No Evaporation or A native of Cincinnati and a graduate 
<< > Contamination chemical engineer of the University of 
Cinemnati, the appomtee is a re gistered 

ed Type & 
Enclos @ Filters from Inside Ohio ~ 


engineer in Indiana 


ate 
Horizontal PI Cartridge Pennsylvania and Marvland. He is 
Fil TER @ Only Clear Filtrate secretary of A.I.Ch.E. Ohio Valley Sec- 
P in Tank tion, and a member of several engineer- 
@ Tank Not Und ng soctreties 
Pressure 


M. E. Krigel is now vice-president 
@ High Flow Rates of the Monark Egg Corp., Kansas City 


@ Simple Hydraulic Mo. He was formerly with Associated 


Closure Laboratories, Dallas, Tex., as industrial 


@ Easily Removable chemist. 
Filter Cartridge 

Here's the filter for clarifications where C. W. Hardell, formerly associated 
1—The material is flammable, toxic, corrosive, thin, hazard- © Ucos Any Miter with the Sinclair Refining Co., Wells- 
ous or valuable. Medio ville, N. Y., is now general superin 
2—Maintenance of filter pray on intermittent operation @ Made of Any Metal tendent of the Sinclair Rubber Inc., 
is essential safely start and stop filtration at will. Houston, Tex 
of different materials have to be @ Convenient Sizes x. 
quick © in 133 Clayton J. Sandel, formerly plant 
4—Clean surroundings are important — without leakage. superintendent, Tantalum Defense 
splashing, vapor loss, ete. Corp., North Chicago, IIL, is now plant 

manager of The Electrical Equipment 


RIVER & COMPANY, inc., Co. Melrose Park, 
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INSULATION 


By GORDON B. WILKES 


The Massachusetts Institute 
of Technology 


Now . in one book . practi 
eal technical and laboratory data to 
help you get more effective insula 
tion at leas expense. Principles, pur 
poses and formulas are presented, 
along with properties of insulating 
materials and the economics of 
insulation. Available for the first 
time, and only in this book, is much 
original material on reflective 
insulation. 


Answers these and other 
common problems 
®@ The best insulation methods to 
prevent deterioration and insure 
satisfactory performance. 
® How moisture affects insulation. 
©@ The best way to insulate the top 
floor of a building. 
© How air pressure affects thermal 
ivity. 
® How to determine heat transfer 
coefhicients. 


Check these feotures 


Description of Test Equipment. 

Exclusive Data on Reflective 
Insulation. 

Handy Tables of Conductivity Data 

Emissivity Data, Specifie Heat Data 
for Heat Insulators, and Fa¢ 
tors affecting K Values 

Methods 


29 useful Graphs and Charts 


August 1950 224 pages $4.00 
EXAMINE BOOK FOR 10 DAYS 


Survey of Measurement 


JOHN WILEY & SONS, 
Dept. CEP-950 

440 Fourth Ave.. New York 16, N. Y. 
Please send me, on 10 days’ approval. 
a copy of Wilkes’ HEAT INSULA 
TION. Wf 1 decide to keep the book |! 
will remit $4.00 plus postage; other 
wise | will return the book postpaid 


Name 
Address 
City Zone State 


Employed by 
(fer Not Valid Outside U. 8 


LAPPLE, SYVERSON 
GO TO OHIO STATE 


Charles E. Lapple of Wilmington, 
Delaware, and Aldrich Syverson of 
Syracuse University have been ap- 
pointed associate professors in the de- 
partment of chemical engineering at 
Ohio State University. An announce- 
ment to this effect was made recently 
by Dr. Joseph H. Koffolt, department 
chairman 

Professor Lapple, whose appointment 
will become effective Oct. 1, has been 
associated with the engineering sesearch 
laboratory of the Du Pont Co. in Wil 
mington since 1937, where he specialized 
in dust collection, atmospheric pollution 
abatement, size classification 
and fluid mechanics. In 1946 
ceived the Junior Award of the 
ican Institute of Chemical 

A graduate of Columbia University, 
Lapple holds both the bachelor of 
science and the chemical engineer de- 


aerosols, 
he re- 
Amer- 
Engineers 


He has also 
Columbia 


gree from that institution. 
taught graduate 
and at the University of Delaware 

Dr. Syverson was associate professor 
of chemical .gimeering at 
Unive. from 1948 until joining the 
Oh’ » State staff this summer. He re- 
the bacheler of chemical engi- 
neering and doctor of philosophy de- 
grees at the University of Minnesota. 
From 1942 to 1948, he was affiliated 
with the B. F. Goodrich Chemical Co., 
holding the position of plant manager 
at the Avon Lake Experimental Station 


courses at 


Svracuse 


| OBERFELL RETIRES FROM 


PHILLIPS PETROLEUM 


member of the 
as well 


G. G. Oberfell, a 
board and executive committee 
as vice-president of research and devel 
opment of the Phillips Petroleum Co 
Bartlesville, Okla., 
active duty under the provisions of the 


recently retired from 


company's retirement plan 
Mr. Ohberfell 
a quarter of a century 


started with the com 
pany ago and 


established the research department 


which became under his direction “one 
of the most outstanding in the oi) in 
dustry.” He is a recognized authority 
on petroleum research, especially in the 
fields of natural gasoline, natural gas 
and lighter hydrocarbons. Prior to his 
association with Phillips Petroleum, Mr 
Ober fell 
other enterprises, namely the Bureau of 
Mines, the Ohio Fuel Supply Co., and 
the Hope Engineering & Supply Co. He 
received a Bachelor's degree in chem- 
istry from Miami University, Oxford, 


was associated with several 


Ohio, and also studied at Chicago Uni- 
versity and University of Pittsburgh. 
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PACIFIC 


CORROSION RESISTANT 


150 LB. SERIES 
GATE VALVE 
Inside Screw, Screwed 
Bonnet, Solid Wedge ) 
Ser'd. Ends: to 2” 
Manutectured to 
M.S.S. St'ds. 
600 LB. SERIES 
GATE VALVE 
10. S. & Bolted Bonnet 
Fig'd. Ende: to 2” 
|| Ser'd. Ender 2” 
Manutectured to 


150 LB. SERIES 
GLOBE VALVE 
O. S. & Y.-Bolted Bonnet 
Fig'd. Ends: to 4” 
Ser'd. Ends: to 
Manutactured te 
MSS. Stids. 


to 
to 
MLSS. St'ds. 


@These Valves ore regularly furnished of 
Type 316 of Alloy 20 Stainless Steels. Other 
available Corrosion Resistant Alloys, including 
Monel end Hastelloy can be supplied. 


PACIFIC VALVES, INC. 

3201 WALNUT AVE., LONG BEACH 7, CALIFORNIA 
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{ \ 
$50 LB. SERIES 
GATE VALVE 
. & Y. Bolted Bonnet 
Solve on-the-job problems--- 
| Also Available 
HEAT 
a 
a 
150 LB. SERIES 
Bolted Bonnet 
Ser'd 
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Pipe and Ductwork of 
PERMANITE 


Permanite Pipe and Duct Work is 
an outstanding new development 
im the field of corrosion-proof light 
weight pipe. 
It is unsurpassed for installations 
where size, weight and corrosion re- 
sistance are factors of prime impor- 
tance. Permanite is exceptionally 
. he in weight, yet very strong with 
rd, non-absorbent surface and is 
proof throughout its entre 


body. It is made from a Knight 
devel special furan resin, rein- 
forced with Chemical Fiberglas, 


Nylon or Orlon (depending on serv- 
ice) for greater strength. This same 
basic material has been used for sev- 
eral years with marked success in 
Permanite - Constructed functional 
units such as: HC! Absorbers—Fume 
Washers—Absorption Towers— 
Process Tanks —and many others. 


ee Pipe and Duct Work is 


resistant to all non-oxidizing acids, 
alkalies, organic solvents, thermal 
shock and temperatures to 280° F. 


Available in any size from 14)" L. D. 
to %" LD. A complete line of fit- 
tings may be had in all sizes. Special 
types can be made to specifications. 
we 
xtremely light in weight. A 6 fe. 
length of 6” LD. x wall Per- 
manite Duct Work weighs only 
Ibs. It may be installed to walls, roofs 
or ceilings that would not support 
the heavier conventional types. 
Installation 
Wrapped or metal flanged joints 
may be used. Permanite may be cut, 
sawed and drilled with ordinary 
tools and equipment. Requires less 
labor, less time to install and fewer 


supports. 
Write for Permanite Pipe and Duct 
Work Bulletin — No. 502 


MAURICE A. KNIGHT 
709 


be 
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Kelly Ave., Akron 9, O. 


CARPENTER PROMOTED 
BY DU PONT CO. 


W. Samuel Carpenter, III, who began 
working for the Du Pont Co. as a sum- 


mer-replacement chemist’s helper back | 


in 1934, has been appointed assistant 
manager of the rayon department's plan- 
ning division. J. N. 


of the division. 


A graduate of Princeton University, | 


where he received a degree in chemical 


engineering in 1938, Mr. Carpenter be- 
gan his regular employment with the 
company as a jumor industrial engineer 
in the fall of that year. From May, 
1940, until June, 1942, he was in the 
nylon division working as a production 


planning assistant at the Seaford (Del. ) 
plant and 


Wilmington 
For 
1942, 


five 
Mr. 


years, beginning in June, 


Carpenter was a member of 


the engineering department, working in 
| the industrial engineering and construc- 


| thon divisions 


| tion of the rayon division. 


During a portion of this 
period in 1944, he was assigned to the 
government's atomic energy project at 
Hanford, Wash. 


In April, 1947, Mr. Carpenter was 


Tilley is manager | 


at the company’s offices in | 


made assistant to the director of produc- | 


and subse- 
quently became assistant sales manager 
of Cordura high-tenacity rayon yarn. 
Since January, 1950, he has been acting 
manager of the planning section of the 


| rayon division 


| ager of the Sharples Corp 


gree 


James T. Costigan, district 


. has 


man- 
been 
representative on the 
board of trustees of Stevens Institute 
of Technology, Hoboken, N. J. Since 
his graduation from Stevens in 1933 
Mr. Costigan has been active in alumni 
affairs of the college. Besides the de- 
of M.E. from Stevens Institute, 
Costigan has an M.S. from Colum 
University, and an LL.B. from 
School. In 1946 he re- 
ceived the degree of protessional engi- 
neer trom the University of the State 
of New York. He is a member of many 
technical societies 


elected alumni 


Mr 
bia 
Fordham Law 


Edwin F. Pike, chemical engineer 


consultant, has joined Wallace Clark & 


| of New York, N. Y. 


Co., Inc., management consulting firm 


Dr. Pike has broad 


| experience in research and development, 


engineering 
nical 


manufacturing and tech- 
operations in the food, fine chem- 
and pharmaceutical fields. In his 
new post he will act as special consultant 
on work for clients in the chemical in- 
dustry. 


icals 


Otto B. Vogel has joined the Boston 
Consolidated Gas Co. as superintendent 
of customers’ service division. Before 
this, Mr. Vogel was adviser for the 
Phillips Petroleum Co. at Landing, N. J. 
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VISCOSITY 
As Simply, Quickly, Easily 

as Taking Temperature Readings 

(Use in leb, plant, or both) 

Just a flick of the switch, then 

read the Brookfield dial, and you 

have your viscosity in centipoises. 

The whole operation, including 

cleaning up, usually takes Jess 
than a minute. 

Suitable for extremely accurate 
work with a wide range of mate- 
rials, both Newtonian and non- 
Newtonian, the Brookfield viscom- 
eter is portable and plugs in any 
A.C. outlet. 

Write today for fully illus- 
trated 8-page catalog. 


NEW! Two motors and 


ection make new Brook- 
field Laboratory Mixer 
quickest, most effective ' 
on market, Creates an-' 
ruler flow, provides up , 
to 48,000 scissor-like ‘ 
cuts/min., stops messy 
slop-overs. Write todey. 


ENGINEERING (ABORATORIES, INC 
220 Pore St Houghton, Mass 


Makes Diaphragm Protected 
Gages accurate and easy to fill. 


Ranges from 20” of water to 20,000 
Ibs, 


WRITE FOR THE NEW 
ACRAGAGE CATALOG, 


EASIEST TO MAINTAIN. 
CLAPP INSTRUMENT CO.. Webster, Mas 


ra: 4 
| 
igs 
¢ 
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e- 
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ACRAGAGE 
APILLA® 
20 
‘A 
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CHANGES IN STANDARD 
OIL (IND.) SETUP 


A number of organizational changes 
were announced recently for the re- 
search department of the Standard Oil 
Company (Indiana). Some of these 
changes affect members of A.I.Ch.E., 
such as A. O. Conn who wa . named di- 
vision director of pilot plants and Na- 
than Fragen who was appointed division 
director of all research activities in the 
field of chemical products. Previously 
Mr. Conn was section leader of the 
pilot plant division in the research de- 
partment, and Mf. Fragen was assistant 
director of research. 

Others well known in the chemical 
engineering field and mentioned in the 
changes are E. W. Thiele and E. W. 
Adams. Both were made associate di- 
rectors of research. 

Dr. Thiele joined Standard’s research 
staff in 1925 and became assistant di- 
rector of research in 1935. During 1942 
and 1943 he was on leave of absence, 
working with the Office of Scientific Re- 
search and Development on war assign- 
ment, 

Dr. Adams joined Standard in 1925 
and became assistant director of re- 
search in 1945. 


Ralph E. Montonna, formerly di- 
rector, Institute of Industrial Research, 
Syracuse University, Syracuse, N. Y., 
is now associated with the University of 
Minnesota, Minn., in the Engineering 
Experiment Station. 


H. Roswell Jones was recently ap- 
pointed to the synthetic fuels and chem- 
icals department of the chemical plants 
division of Blaw-Knox Construction 
Co. He will be engaged mainly in the 
design of plants to produce finished re- 
fined products from Fischer-Tropsch, 
Oxo, and Oxyl syntheses. Previously, 
Dr. Jones had been technologist in the 
manufacturing department of Continen 
tal Oil Co., Ponea City, Okla. 


Bradley Dewey, Jr., has been ap- 
pointed manager of the Cryovac division 
of the Dewey and Almy Chemical Co., 
Cambridge, Mass. Dr. Dewey will head 
up the sales, manufacturing, and re 
search activities of the division, which 
manufactures Cry-O-Rap bags and 
tubing from a special Dewey and Almy- 
Dow (Saran) plastic for use in the 
packing of frozen and refrigerated 
meats and other foods. 


John W. Kenney recently joined the 
staff of the chemistry and metallurgy 
division of the Los Alamos Scientific 
Laboratory of the University of Cali- 
fornia, Los Alamos, N. M. His title 
is junior safety engineer. He was for 
merly with the Army Chemical Corps 
in Tooele, Utah 
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BAKER ING. 
2274 TERMINAL ANNEX 
LOS ANGELES 54 CALHORNIA 


By FREDERICK D. ROSSINI, Carnegie Institute of Technology 


Modern amd thorough, this book presents the fundamental laws of 
thermodynamics and shows how valid relations are derived from these 
laws. It describes the application of these general relations to specific 
thermodynamic systems. It covers background material, gives a wide 
picture of chemical thermodynamics, offers numerous schematic dia 
grams, illustrations and tables. Deals with 


Equivalence of Mass Solutions 
and Energy ilibri 
c of Equilibrium 
Substances Electromotive Force 
Y Entropy and the and Free Energy 
‘ Laws of Thermo- Thermodynamic Cal- 
; dynamics culations — and 
Fugacity; Stondord many other topics 


\ugust 514 pages $6.00 


Examine this book for ten days with 
no obligation to buy. For your ap- 
proval copy, send now to 


JOHN WILEY & SONS, INC., Dept. CEP-950 
440 Fourth Ave., New York 16, N. Y. 


Here's the hendiest test pump for hydrovlicolly test- 
ing pipe, volves and fittings; for operating hydrevil- 
cally octveted equipment; for hundreds of other uses i 
in field, laboratory or shop. & This two-stage, mon- 
pump hes one cylinder for low-pressure 
wp to 2,500 psi); is quickly shifted to develop q 
Reploces elaborate, expensive 
Readily portoble (weighs only 
ith @ bucket of water you con quickly : 
welop on-the-spot pressures up te 
mighty little—losts indefinitely— 
long before a few inexpensive weoring , 
be reploced. For details and price 
4a 
> 
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a 
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Free booklet 
tells where it fits 
in your business! 


In hundreds of applications 
from flavoring to freezing, 
versatile glycerine is playing 
an increasingly important 
role in the food industry . . . 
and many of these applica- 
tions can materially improve 
your product! 

The story is told in one in- 
formative, up-to-date booklet 
—"W hy Glycerine for Foods?” 

Contains compact informa- 
tion on the physical properties of glycerine . . . its origin, develop- 
ment and chemistry grades and their applications. 16 pages of 
practical, useful data—yours for the asking! Whether you're in 
Management, produc tion, or research an expert on glycerine or 
thoroughly unfamiliar with the subject—you'll want this informative 
booklet, Write for your free copy —today! 


GLYCERINE PRODUCERS’ ASSOCIATION, DEPT. 30 


295 Medison Ave. « New York 17, N. Y. 


SPECIALISTS IN CHEMICAL-PROOF CONSTRUCTION 


CLEVELAND 


FOR ACID and ALKALI SERVICE 
—— LIQUIDS FUMES GASES 


RUBBER - LEAD + PLASTIC 
LININGS to FIT YOUR SERVICE 


CUT CORROSION LOSSES 
WITH HEIL LINED PIPE for 


LONG LIFE UNDER SEVERE SERVICE 
PROCESS EQUIPMENT CORP. 


12901 ELMWOOD AVE + CLEVELAND 11, OHIO 
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William S. Shaw, a recent graduate 
student of the University of Louisville, 
is now assistant chemical engineer for 
Tennessee Eastman Corp., Kingsport, 
Tenn. 


Russell D. Yankee is now  vice- 
president of the Jones and Loughlin 
Supply and Equipment Co., Fort Worth, 
Tex. He was previously superintendent 
of the Pennsylvania Salt Manufacturing 
Co. of Washington. 

W. M. Nagle, assistant director, 
Eastern Laboratory, explosives depart- 
ment of the Du Pont Co., Gibbstown, 
N. J., has been transferred to Burnside 
Laboratory, Du Pont Co., in Penns 
Grove, N. J., as director. 

William L. Larcamp is now em- 
ployed as a chemical engineer in the 
engineering department of Carbide and 
Carbon Chemicals Corp., South Charles- 
ton, W. Va. He received a Ph.D. degree 
in chemical engineering from Ohio State 
University in June of this year. 

Masood Hasan has joined Lever 
Bros. & Unilever Ltd., and will be given 
training in all phases of vegetable oil 
processing over the course of a year im 
the various factories in England. Mr 
Hasan was the first trainee from Pak- 
istan to be awarded a Regular Interna 
tional Fellowship. He was associated 
with Joseph E. Seagram & Sons, Inc., 
International Training Program at 


Louisville, Ky 
Donald F. Othmer, head of the de- 


partment of chemical engineering at the 
Polytechnic Institute of Brooklyn, and 
consulting engineer, made an industrial 
tour this summer aimed at bringing 
American technical know-how to the 
various countries in their development 
of new industries. Starting on May 31 
Dr. Othmer visited Honolulu, Tokyo, 
Hong Kong, Manila, Calcutta, Bombay, 
Nairobi, Johannesburg. Durban and 
India. Six papers written by Dr. Oth 
mer, were delivered before a meeting 
of the International Congress for Agri 
cultural Industries in Brussels. Other 
lands he visited, too, such as Zululand to 
be consulted on checking wood pulp 
losses, until his globe-girdling tour took 
him to England where he was consulted 
by the distillation industry as well as 
the builders of an experimental wall- 
board plant 

David A. Nelson, formerly chemical 
engineering assistant at the University 
of Wisconsin, is now with the Du Pont 
Co., Wilmington, Del. He is a chemical 
engineer in the polychemicals depart 
ment 

D. Keith Starr, formerly sales engi- 
neer with W. M. Sprinkman Corp., Mil- 
waukee, Wis., is now owner of a com- 
pany known as the Crescent Milk Co. 
It is located in Oroville, Calif 

(More About People on page 48) 
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CLASSIFIED SECTION 


Advertisements in the Classified Section of Chemical wing Progress are payable in 
advance, and are placed at tic « word, with « minimum four lines accepted 
Advertisements average sbout six words « 
of Chemical Engineers in good d are allo 

per year. More than one insertion to members will be =e at _ rates. in 

sin, ssified Section of Chemical Engineering Progress it ts 
iE}. and employees that all communications will be acknowled a 

made available on that condition. Boxed advertisements one-inch deep are available at $/5 
an insertion. Size of type may be specified by advertiser. In answering advertisements al! 
box numbers should be addressed care of Chemical Engineering Progress. Classified Section 
120 East Street. New York 17. N.Y. Te ORegon %-1560. Advertisements for this 
section should be in the editorial offices the 25th of the month preceding the issue in which 
it is to appear 


BY GOOD DRYER 
SITUATIONS WANTED Chemical Engineer — M$. Registered 
Same Eaten N G N E E Ri N 


Members velopment and production. Used 
A.I.Ch.E. sponsibility. Excellent references 
Industrial Research Group Leader—Reqistered 
engineer. Twenty-two years’ experience in 
through final plant demonstration. Would Chemical EngineerTwelve years experience 
prefer organizing permanent research design, operations. pilot plant. r-vorts 
_ group for medium size company Box 1.9 estimates. appropriations construction 
—— equipment ins‘allation organics, naturel 
Chemical | Engineer MS.ChE.. “al years gas, hydrocarbons, industrial gases. chemi 
Four years’ industrial experience in cal plants and auxiliaries Project. ad 
inorganic development and plant design ministrative, assistant or chief engineer 
Five years university research direction expandin smaller concern M rate 
with some teaching. Expert in unit oper travel mployed. Box 12-9 
ations rticularly heat transfer and dry 
ing egistered professional engineer Chemical Engineer.26, «x-marine engineer 
Desire supervisory position in development Seek employment demanding mature 
work with southern industrial concern or evaluations and strong affinity for people 
_recearch organization Box 2 9 in addition to usual requirements. Speak 
— bh and Portuguese Presently em 
Chemical Enagincer- MS. Univ. of Michigan Box 13.9 
Seven years’ responsible and diversified 
& research and Development Manager——Twenty years rich 
process velopment ave immense in v c to 
itiative and drive Desire engineering or — = Steom Jocketed Dryer, one of the 30 
management opportunity anywhere in the development of organic syntheses types of Stendord-Hersey Oryers 
world. Box 3-9 large laboratory scale through the com 


pleted operating unit. Have demonstrated 
Chamtoas Process | Engineer M.S 1948: ability to see « process clearly in its Standard-Hersey dryers bring 
Cum laude, 44. Age 27, single. fundamental requirements thus achieving 4 
2% years light hydrocarbon process de maximum production with minimum ex savings to industry and agricul- 
sign, cost estimating. 2', years diversified pense. Capable of supervising general en ture because they take full ad- 
process development. Seek process design gineering depariment Particularly valu 
position New York City area preferred able to moderate size company requiring vantage of every possible saving 
49 


grouping of several departmenis under one 
head Organic, BS.ChE Age 40 ele ment nn, time and 
ing BS.ChE.. MILT ACS. Box 14-9 material. With Standard- Hersey 
Master of Business Administration, N.Y.U ; 
Age 25. married, veteran. Experience in Engineer—B.ChE.. 1949; MChE equipment you get increased 


Chemical 
1951 (might) Brooklyn Poly Graduate hourly output with lower initial 
courses process heat transfer, thermody 
or matketin a -5* om administration namics, distillation, unit operations. Com operating costs. That is good 
ing pleting theete gas dryer engineering — obtainable 
polymers eteran, single 2 
Technical Sales he. Desise position process only from a dryer organization 
Extensive pilot plant with years of know-how. The 
back d . 
ferred. Box 15-9 combined experience of Stand- 
manulacturer Sales experience on ex ee - ard and lersey tota 0 yes 
ploitation§ research—developed equipment Chemical Engineer—-M.S.. 30, married. Eight yt ls 13 


and methods. Wishes more predominately in ~—your insurance that your 
saies work in chemicals, processed foods pilot plent and process engineering ie 
process equipment. tast yoo sire position in smaller organization equipment dollar will be big- 
40, married Veteran, no Reserve ofl Eastern location. Box 16-9 gest at Standard-Hersey. 
ation. Box 6-9 
Chemical Engineer—B.S.Ch.E. Northwestern Send for New Dryer Bulletin NOW! 
or Preduction ChE Univ., co-operative program. Three years 
age 47. Twenty-one years’ technical industrial -~y Write today for new 
ecutive experience in heavy chemica and peint and varnis refer rger com Cc 
viscose rayon. Put four large plants pany in southern U. S. Box 17-9 : 12-page Dryer Bulletin 
production. Jobs from control to top level — —— - — with latest information on 
management. Available. Box 7-9 Chemical Engineer——B.ChE. Three years in Standord-Hersey Continu- 
- research, two years in quality control 
Chemical Engineer—-MS.ChE.. married. 35 tensive study in chem. eng. Single ovs end Batch Dryers and 
Two years development engineer tor paper Desire more responsibility in engineering Rotary Coolers, Kilns and 
boxboard firm. Four years Army aircraft production, or technical service. Prefer Colei 
engineering; experience in electroplating Ohio and vicinity or East. Box 16.9 - it iners, for the Process 
anodizing. heat treating. Desire develop - a - Industries. 
ment work or technical sales. Prefer New Chemical Ragincer BS.ChE 1946 
York or Pennsylvania Box 6.9 scholastic record. Two years experience 
with research organization in design, in 
Chemical Engineer BS. 28 Seven years stallation and operation of large pilot 
one major company Assignments plant. Excellent references. Box 20-9 
included supervision of pilot plants 
supervision of new plant unit startups 


establishment of production and cost con ‘Dryers 


trols, and assistant to major executive 
Primary interests—production and man Supervising Chemical Engineer — Ph D 
agement. Box 9-9 age 34. Thirteen y s extensive 
and responsible experience in non 
Consulting Service—Mercury Cell Expert ferrous ore beneficiation processes 
Have worked with top men in this field roduction, development, research 
four years, development new, European Bode responsible position in engi 
type stationary cells for plant installa neering, production, or process de STANDARD STEEL CORPORATION 
tions Would be invaluable starting up velopment. Box 19-9 
new electrolysis plants and brine systems S055 Boyte Avenve los Angetes 58 Coliternia 
Address: Newbury Strest, Boston 16 
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Just Published! 
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INDUSTRIAL 
INSTRUMENTATION. 


By DONALD P. ECKMAN, Cornell Un 
versity; Consulting Engineer, Conoflow 
erporation 


This new book organizes the science of 
measurement on its own physical and 
chemical bases. Principles, analysis, opera- 
tion, and applications of measurement are 
covered for temperature, pressure, rate of- 
flow, and composition 


7 Outstanding Features 
Treats thoroughly al! process instruments 
No supplementary books or other sources 
required 


| consultant with the Du 


Includes « chapter on Composition Analy 
we Methods and Instruments, covering 
emission and absorption spectroscopic 
analysis masse spectrograph analysis 
and other important methods 

A chapter on Methods of Applying Inetru 
mentation te Processes shows the arrange 
ment and selection of instruments and 
controllers, process analysis, and super 
vision of instrument equipment 

A section is devoted to High Vacuum 
Instrumentation 

A chapter covers Inetrwments for Mechan 
Measurements such as displacement 
gages, strain gages, force meters, veloci 
meters, and accelerometers 
247 Ulustrations of operation 
and meter installations 
ete 

25 tables in the appendix. These inclade 
Pahrenheit Centigrade conversion tables 
standard thermocouple emf tables, orifice 
flow coefficient tables, and other data im 
portant to instrumentation analysis 


June 1950 


principles 
Treeponse curves 


396 pages $5.00 


EXAMINE BOOK FOR 10 DAYS 


ON APPROVAL COUPON 
JOUN WILEY & BONS, ING 
Dept 
440 Fourth Ave, New York 16, N. ¥ 


Please send me, on 10 days approval, « 
copy of Eckman’s INDUSTRIAL IN 
STRUMENTATION. If I decide to keep 
the book I will remit $5.00 plus postage; 
otherwise | will return the book postpaid 
Name 

Address 


Zone State 
Employed by 
Offer not valid outside U.S) 


| Mich 


| general 


Jack Bardin, engineer, synthetic 
fuels and chemicals department of 
Blaw-Knox Co.'s chemical plants divi- 
sion is in Europe to study the newest 
developments in these fields. Blaw- 
Knox has contracts with European 
firms for the use of techniques devel- 
oped in Fischer-Tropsch synthesis, and 
other processes of commercial interest 
to U. S. industries. 


Charles Davidoff, consultant for 
chemical and metallurgical processes, is 
now located at 198 Broadway, New 
York, N. Y. 


Jorge L. Oria, formerly professor at 
Tecnolégico y de Estu- 
Superiores de-Monterrey, is on 
indefinite leave to become assistant 
manager of the Departamento de 
Estudies Técniocs del Banco Nacional 


| de Mexico, S. A. Mexico, D.F. 


Lyle Bray, formerly in the natural 
gasoline department, defense plant divi- 
sion, Phillips Petroleum Co., Bartles- 


ville, Okla., is now associated with the | 


Reconstruction Finance Corp. He is in 


the production control section of the | 
| Office of Rubber Reserve. 


H. F. Porter has recently assumed | 


the position of chemical engineering 
Pont Co. 


was formerly associated with the Amer- | 
ican Potash & Chemical Corp. 


M. O. Ricker, formerly associated 


| with the central laboratories division of 


the General Foods Corp., Hoboken, N. 
|., has been transferred to Battle Creek, 
He is now in the post cereals 
technical assistant to the 
manufacturing manager. At 
Hoboken his position was section head, 


division as 


engineering research laboratory 


Russell H. Blom, 


R. H. Dodd 


is now 


formerly general manager of the com 
pany’s London (England) office. 


B. A. Weimer is now associated with | 
the electrochemicals department of the | 


Du Pont Co., Wilmington, Del. He was 
formerly manager of development de 
partment, Industries Quimicas Brasil- 
eiras, Sao Paulo, Brazil. 


H. P. Orem, formerly with the Calco 
Division of the American Cyanamid 
now with the Sloss-Sheffield 
lron & Steel Co., Birmingham, Ala. 
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CHEMICAL ENGINEERING PROGRESS 


He | 


formerly asso- | 
| ciated with the Northern Regional Re- 
| search Laboratory, Peoria, Ill, is now | 
| with the S. W. Shattuck Chemical Co., 
| Denver, Col. 


located in the | 
New York office of Lummus Co. He was | 


MERCO 


AUTOMATIC CONTROLS 
FOR INDUSTRIAL APPLICATIONS 
REQUIRING POSITIVE CONTROL 
OF PRESSURE. TEMPERATURE, 
» LIQUIDLEVELETC. 


® SIMPLE TO ADJUST FORTHE 2 
ng SPECIFIED OPERATING RANGE 


MERCOID CONTROLS ARE EQUIPPED 
WITH MERCURY SWITCHES, THEREBY 
INSURING GREATER SAFETY, BETTER 
PERFORMANCE AND LONGER CONTROL LIFE 


a WRITE FOR CATALOG 6008. > 


THE MERCOID. CORPORATION 
4201 BELMONT AVE. CHICAGO 41, ILL 


PLATE 
FABRICATION 


CHROME IRON ALLOYS 
CARBON STEEL 
CHROME NICKEL 

SILICON BRONZES 

MONEL e ALUMINUM 

NICKEL CLAD STEEL e ETC. 


Towers, Pressure Vessels and 
General Plate Fabrication 
manufactured with trained 
personnel and uptodate 
equipment. Our Engineers 
will assist in designing to 
meet your requirements. 

Good Design — Right Material — 
Expert Workmanship at a Fair Price. 
HEAT EXCHANGERS A SPECIALTY 


Fabricators and Designers for More 
Than 30 Years 


DOWNINGTOWN IRON WORKS 
DOWNINGTOWN, PA. 
WELDED and RIVETEO PRODUCTS 


Analyze your way to better 
itt ~ ‘ 
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® HARDINGE TRICONE MILLS ® 


Learn how ene ball mill user boosted his grinding efficiency 22.6% with the new 
There are many reasons for this: its spherical shape, 
ball segregation, greater working volume, less weight, lower power—get all the 


Hardinge TRICONE Mill 


facts from Hardinge Bulletin AH-414-40. 


YORK, PENNSYLVANIA — 240 Arch St. + 
NEW YORK 17122 E. 42nd St. 
SAN FRANCISCO 11—24 Californie St. 


are your 


e STILLS 

DRYERS 

EVAPORATORS 

CRYSTALLIZERS 

@ PROCESS VESSELS 


OPERATING AT VACUUMS LIMITED BY 


vor for high vacuum in industrial 


—- | stills, dryers, evaporators, 
i process work. The total absence of 


erystallizers and other processing 


205 W. Wacker Drive—CHICAGO 6 
200 Bey $t—TORONTO | 


THE VAPOR PRESSURE OF THE CONDENSATE 


vessels are operating at vacua lim- 
ited by the vapor pressure of the 
condensate. This means on the aver- 
age an absolute pressure of about 
2.0" Hg. Most owners of such equip- 
ment do not realize how practical 
and economical it is to put a Booster 
Evactor in the line between the ves- 
sel and the condenser and maintain 
an absolute pressure of 0.5", 0.25" 


| or even lower. The benefits of this 
| higher vacuum in im 


oving qual- 
ity and capacity are often very sub- 
stantial. 

of vacuum 


The steam jet t 
pump has aE thy gained in fa- 


a 


REYNOLDS 


moving parts is a big advantage and 
means many years of service, with 
ne maintenance cost. Available in 
single, three-, four- and five- 
stage units for vacuum from a few 
inches up to a small fraction of 
1 mm. ie. absolute. 
Croll-Reynolds have been special- 
izing on this type of equipment for 
over 30 years, and have made theu- 
sands of separate installations. Their 
engineers have extensive experience 
in applying it to numerous different 
ses, and are available for con- 
sultation without obligation. Liter- 
ature is also available on request. 


CROLL-REYNOLDS CO., INC. 


17 JOHN STREET, NEW YORK 7, WN. Y. 
Chill-Vactors Steam Jet Evectors Condensing Equipment 
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Republic Transmitter measuring level in reboiler 


DIFFERENT... 


in design and performance 


The Republic Pneumatic Transmitter is a device for 
converting process variables, such as flow, level, 
pressure or liquid density, into air pressures. These 
air pressures are a direct measure of the process 
variables or can be used as the measuring impulse for 
the actuation of an automatic controller. 


The force-balance method of measurement, as 
employed by the Republic Pneumatic Transmitter, 
offers many inherent advantages such as: 


AMBIENT TEMPERATURE — The effect of ambient 
temperature variations on the accuracy of a Republic 
Tranamitter is negligible. Since all parts are equally 
affected by temperature changes, force and leverage 
relationships are not disturbed and accuracy is un- 
impaired 


AIR SUPPLY PRESSURE—The effects of changes in 
air supply pressure is so small that it is guaranteed 
negligible 

LINE PRESSURE — The effect of variations in line 
pressure has been completely eliminated. 


SENSITIVITY—Due to the negligible motions required 
for complete operation of all parts for full scale 
changes, no appreciable hysteresis results from 
reversal of direction of measurement change. The 
hysteresis loop is so small that it is undetectable by 
ordinary means, being less than 1/20 of 1%. 


ACCURACY — The accuracy of the Republic force- 
balance method of measurement is higher than can be 
consistently secured and maintained with any other 
method. Transmitting pressure vs. measured force is 
guaranteed within 4 of 1% of meter range. 


In addition to these five important features, the 
Republic Pneumatic Transmitter is extremely flexible 
in application, easy to service and of rugged con- 
struction. 


If you have a flow, level, pressure or liquid density 
metering or control problem may we suggest that you 
investigate the Republic Pneumatic Transmitter? Data 
Book No. 1002, which contains complete details of 
this instrument, will be mailed to you upon request. 
Write for it today! 


REPUBLIC FLOW METERS CO. 


2240 Diversey Parkway, Chicago 47, Illinois | 
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Milton Roy Controlled Volume Pumping 
Systems May be Your Answer 


With these pumps hydraulic pressures up to 25,000 
psi may be obtained and maintained automatically. 


You can pump in volumes up to 405 GPH and as 
little as 2.5 cc per full stroke—and regulate capacity 
while operating. 


As many as a dozen or more liquids can be pumped 
in precise ratio, one stream to the others. 


Chemicals, corrosives, sludges and slurries, solids and 
fibres in suspension, other “difficult” materials can 
be pumped. 

They are ideal pumps for use where explosion haz- 
ards are present—the answer to the Safety Engincer’s 
prayer. 


2 


| } 


Available are an almost endless variety of low cost 
pneumatic controls (also manual, mechanical, elec- 
trical and electronic controls) with which to engineer 
completely automatic feed systems. 


Milton Roy “aiROYmetric” pumps offer you oppor- 
tunities for savings that may well amaze you. New 
Bulletin +450 contains all details, capacity-pressure 
tables, shows many types of automatic control equip- 
ment. Contains also drawings of typical systems for 
hydrostatic test purposes, blending or formulating, 
bottle filling, sampling industrial wastes, etc. 


Write for Bulletin +450. Ask for recommendations 
of specific pumping problems. 


1379 MERMAID LANE, CHESTNUT 


KINETIC MANOMETER 


SINCE 1937 the Fischer & Porter Co. have been actively 
engaged in designing and developing a flow meter which 
would emancipate the industrial operator from the limit- 
ations of the static manometer and its accompanying 
equipment. 


nur Uf Kinetic Manometer is the culmination of this 
work. It is the variable area meter in its simplest form. It 
is a differential pressure instrument without need for mer- 
cury, bellows, seals, purges, condensate chambers, or 
manifold systems. It has many unique and incomparable 
features which provide considerable savings in mainten- 
ance costs. 


no fluid level adjustments 
to make 

all 316 stainless in con- 
tact with fluid 

has continuous purge 

no elaborate manifold 
required 


no mechanical linkage 
to float 

no seal pots needed for 
corrosive services 

it's ideal for liquids, 


THE V/A Kinetic Manometer is a flow sensing, indicating 
and transmitting mechanism which gives superior per- 
formance, convenience, and accuracy. 


SPECIFICATIONS 


Body Material—316 Stainless Steel 
Other Parts in Contact with Fluid—316 Stainless Steel 


PROCESS 
CONTROL 


LS ENGINEERING OFFICES THROUGHOUT THE WORLO 


| 
| FLOW METERING? 
The @ it's mercuryless 
@ gives flow indication Vy 
| at the orifice at 
range 
@ response is linear af 
A KINETIC FORCE INSTRUMENT WHICH SENSES AND TRANSMITS FLOW with flow 3 
@ has automatic overrange 7 
protection 
@ it's all metal 
* 
if 
gases and vapors, 
(including steam) 
Transmitted Pressure—3-15 PSI. Linear with Flow. 
(Note: This unit is also available with a 
Coupled Electrical Impedance Bridge ) 
Air Consumption—0.3 CFM : 
Working Pressure Ratings: 
Series 60 Model Series 150 Model 2 
1500 PSI @ 750°F 
Air 
Case— and Fume-Proof—Black Crackle Finish H 
Mounting—At Orifice Flange or up to 60 ft. Distant. te 
Primary Orifice Installation—In accordance with ASME 
or AGA Standards ny 
FOR MORE INFORMATION—CIRCLE NUMBER 16 ON THE REPLY CARD IN “DATA SERVICE SECTION.” oie 
FISCHER & PORTER COMPANY 
HATBORO, PENNSYLVANIA, (U.S.A. 


